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ABSTRACT 
Water Quality as a Land Use Determinant 
For the Bear Lake Valley, Utah-Idaho 
by 
Hayden L. Street, Master of Science 
Utah State University, 1973 
Major Professor: Craig W. Johnson 
Department: Landscape Architecture and Environmental Planning 
The goal of this research has been to prove that changes in water 
quality resulting from changes in land use could result in a threatened 
decrease in economic utility of land uses in the Bear Lake Valley. 
The purpose of this research was to illustrate a process for determin-
ing land use and water quality relationships in the Bear Lake Val ley 
that utilized quantified data and projective models. The first phase 
of the research estimated the changes in land uses and demographics 
for the valley. The second phase of research utilized the results 
from the first phase together with models predicting changes i n water 
quality, developed from the literature, to predict water quality 
changes. Other necessary data required for the models was obtained 
from an extensive inventory of existing data and literature from state, 
federal and local sources. The results from the second phase were then 
compared to state and federal water quality standards to estimate if 
the changes in water quality threatened the economic utility of land 
uses in the valley. Changes in land use between 1972 and 1980 are 
expected to change the water quality of Bear Lake by increasing 
nutrient concentrations, pathogenic organism concentrations and the 
presence of algal blooms. These water quality changes threaten to 
decrease the economic utility of some of the land uses in the valley 
ix 
by reducing the recreational and aesthetic value of Bear Lake, by in-
creasing the cost of some water uses and by slowing the rate of economic 
development of the valley. 
(144 pages) 
CHAPTER I 
INTRODUCTION 
Hypothesis 
Changes in land use development within the Bear Lake Valley may 
result in changes in the water quality of Bear Lake. The changes in 
water quality may in turn result in negative effects upon the land uses 
of the valley by generating problems of decreased economic utility of 
the land uses. 
Origin and Nature of the Problem 
The Bear Lake Valley is located on the border of southeastern Idaho, 
in Bear Lake County, and northeastern Utah, in Rich County. The valley 
is approximately 50 miles long and 14 miles wide and contains the largest 
and northernmost fresh water lake found within the Great Basin (Williams 
et al., 1962). Bear Lake is an oligotrophic lake characterized by a 
low accumulation of dissolved nutrients, a high oxygen content and a 
deep emerald green color (Nyquist, 1967). The emerald green color of 
Bear Lake together with the varied topography and seasonal variation of 
the valley make the Bear Lake Valley one of the Rocky Mountain Region's 
areas of unsurpassed beauty (Utah Travel Council, 1971). 
Because of Bear Lake's size, location and attractiveness, 
recreationalists within the Bear Lake Valley may frequently number 
between 6,000 and 7,000 people on a single weekend, with numbers as 
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Figure 1. Area location map. 
high as 20,000 people on a July 4th weekend. Along with the estimated 
130,000 dollars of annual income to Rich County these recreationa1ists 
also contribute to problems of water quality and shoreline odors 
(Fuller et a1., 1971). The recreational rate of use is increasing, 
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causing planning problems to increase. The planning problems of the valley 
have multiplied to such an extent that the Rich County Planning 
Commissioners have found it necessary to seek federal assistance in 
solving the problems associated with increased land and water use in the 
Bear Lake Valley (Wood, 1972). 
Planning in the Bear Lake Valley, climaxed by the completion of 
the United States Department of Housing and Urban Development's 701 
Master Plan for Rich County, Utah, seems to be the basis for much 
criticism. Generally, planning studies for the Bear Lake Valley have 
been inadequate. One of the principle reasons for the inadequacy of 
planning reports is the incomplete collection and interpretation of 
existing natural resource data (Wood, 1972). The value of natural 
resource data in the planning process is to utilize the data in models 
to estimate the effects of land uses on natural systems (Gold, 1970; 
Steinitz, 1970). Many research / investigations developing natural re-
source information have been completed by researchers at Utah State 
University, and a review of the literature on Bear Lake will uncover 
much information developed by state and federal agencies in both Utah 
and Idaho. Thus, although the planning endeavors in the Bear Lake 
Valley appear to need more natural resource data, this need cannot be 
justified until a planning process is devised to synthesize and utilize 
existing resource data. 
Objectives 
The purpose of this research is to prove or to disprove the 
hypothesis. The objectives are as follows: 
1. To initiate a basis or framework from which can be developed 
a specific and detailed process for determining land use and 
water quality relationships specific to Bear Lake. 
2. To discuss how changes in land use development within the 
Bear Lake Valley may initiate changes in the water quality 
4 
of Bear Lake and in turn how the changes in water quality may 
initiate effects upon land use over a defined period of time. 
3. To locate and define data voids and recommend methods to 
fill the voids. 
4. To illustrate a process that can be a benefit ~ solving 
planning problems of land use and water quality in the Bear 
Lake Valley that utilizes quantified data and projective 
models and formulas from the fields of environmental planning 
and other environmental sciences. 
Because this research is limited to one school year and has an 
extremely small budget, it is beyond the time and financial budgets 
of this study to totally research all the land use parameters or to answer 
all of the questions this research will pose. However, it is within the 
scope of this research to attempt to develop a method of application 
and part of a planning process for one land use parameter, water quality. 
Water quality was chosen as the land use parameter to be investigated 
due to the interest of the author and funding limitations. 
Methods and Procedures 
The procedures for this research basically employ a step by step 
process to define the problems associated with land use and water 
quality within the Bear Lake Valley. This process will categorize the 
units of the problem and break them down into quantifiable factors. 
Through the development and subsequent employment of models the above 
factors will be utilized to project cause and effect relationships be-
tween water quality and land use. 
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In both data and modeling most advanced and most current literature 
will be utilized whenever possible. However, in the cases where the 
literature is inadequate, most advanced data may include unpublished 
works and the beliefs, estimates, and/or best guesses of qualified 
experts. These will De defined as such in literature cited at the end 
of this research report. 
The following outline is the step-by-step process to be used in 
this research: 
Phase I. Define the state of the region, the Bear Lake Valley, 
as it pertain~ to water quality and land use. 
A. Describe the natural setting. 
B. Describe the historical development of the valley. 
c. Define the existing land and water uses of Bear Lake 
and the Bear Lake Valley. 
D. Project Land and water use changes over a period of 
time (time period to be determined from the data). 
Phase II. 
E. Methods 
1. Extensive literature review. 
2. Insights by key people involved in the plan-
ning and study of the Bear Lake Valley. 
Estimate the effects of land use changes on the water 
quality of Bear Lake. 
A. Determine what types of pollutants and how much 
of each pollutant will be produced by the changes 
in land use. 
B. Review existing models that estimate the impacts 
of pollutants on water quality. 
c. Adjust the models to the limnology of Bear Lake. 
D. Determine values for model variables. 
E. Use models to predict water quality changes in 
Bear Lake 
F. Methods 
1. Extensive review of the literature. 
2. Inventory of existing data an~when necessary, 
field inventories of data. 
6 
3. Use desk calculator to determine water quality 
changes from the models. 
/ 
Phase III. Determine the impact of water quality changes upon 
land uses. 
A. Define the state and federal water quality standards 
for land uses of the Bear Lake Valley. 
Phase IV. 
B. Describe inconveniences, expense and other 
intrinsic effects of water quality changes on 
land uses. 
C. Methods 
7 
1. Review federal and state water quality standards. 
2. Review the literature describing intrinsic 
effects on land uses due to water quality 
changes. 
From the results obtained in Phases I through III 
make recommendations and conclusions concerning the 
relationships of water quality and land use in the 
Bear Lake Valley. 
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Conclusions and Recommendations 
Conclusions 
1. The purpose of this research was to prove or disprove the 
hypothesis. The hypothesis is the following: 
Changes in land use development within the Bear Lake Valley 
may result in changes in the water quality of Bear Lake. The 
changes in water quality may in turn result in negative effects 
upon the land uses of the valley by generating problems of 
decreased economic utility of the land uses. 
This research states that increases in nutrient concentrations, 
pathogenic organism concentrations and the presence of algal blooms 
are expected to occur in some parts of Bear Lake, and that these water 
quality changes can negatively affect the economic utility of land 
uses in the valley. Thus, the hypothesis is proven to be correct. 
2. In reference to objective one, a basis or framework for part 
of a planning process is illustrated in this report. However, the 
process tends to decrease in accuracy as a review of existing models 
and an inventory of natural resource data for the Bear Lake Valley 
9 
find the models and data to be insufficient for highly accurate results. 
Thus, more data and more researching of models needs to be done to ob-
tain results with a high degree of accuracy. However, this research 
does show probable trends of water quality and land use degradation, 
which should be beneficial in developing some direction for planning 
in the Bear Lake Valley. It should be pointed out that in instances 
where results are inconclusive that threats to water quality and land 
use degradation could be very serious. Thus, inconclusive results 
should not be dismissed, but, rather, looked at very closely in subse-
quent research. 
3. In reference to objective two, the following conclusions 
were made: 
a. Nutrient concentrations are expected to increase in shoreline 
areas and in the condition of a totally mixed epi1imnion. 
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On the basis of present land use projections, land use changes 
are not expected to cause increases in nutrient concentrations 
in the totally mixed lake by the year 1980. 
b. Land use changes, as projected in this report, are not ex-
pected to cause changes in the dissolved oxygen concentrations 
of Bear Lake by the year 1980 in either the condition of a 
totally mixed lake or a totally mixed epi1imnion. 
c. Increases in the production of biodegradable organic material 
by the land use changes projected in this report are not ex-
pected to affect the dissolved oxygen concentrations in Bear 
Lake in either the case of the totally mixed lake or the 
totally mixed epi1imnion by the year 1980. 
d. Fecal coliform concentrations are expected to increase in the 
case of a totally mixed epi1imnion and in the case where 
nutrients are concentrated along the shoreline of Bear Lake. 
Land use changes projected in this report for the year 1980 
are not expected to change the fecal coliform concentrations 
in the totally mixed lake. 
e. The above changes in water quality in Bear Lake are expected 
to threaten the economic utility of land uses in the Bear Lake 
Valley by diminishing the aesthetic and recreational quality 
of the waters of Bear Lake and by decreasing the cost of 
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supplying drinking water to the Idaho State Parks. Also, 
agricultural uses both in the valley and downstream are en-
dangered by the high probability of blue-green algae adding 
toxins to the waters of Bear Lake used for livestock watering. 
f. Nutrients produced by livestock wintering areas may not be 
as important in the occurrence of algal blooms in Bear Lake 
as previously thought. 
g. Because of the large dilution capacity of Bear Lake the degree 
of land use change projected in this report is not expected 
to cause irreversible water quality changes in Bear Lake by 
the year 1980. 
4. In reference to objective three, many data voids were found 
through the implementation of this research. Recommended research to 
fill these data voids is listed in Appendix A of this report. 
5. In reference to objective four, this process does illustrate 
an approach or part of a planning process utilizing quantified data in 
models. Even though the models need to be more accurately resolved 
and more data developed, this has met the purposes and goals of this 
research. In addition this research describes how the process may 
be refined to produce accurate estimates. 
Recommendations 
1. A regional commission should be established for the Bear Lake 
Valley, including representatives from both Utah and Idaho. It should 
be noted that regional commissions require an act of Congress to be 
established as a regulatory agency. This involves a fairly complex 
12 
and detailed procedure (California, Nevada, Federal Water Administration, 
1969-1970; Hudson River Valley Commission, 1969). Thus, work should 
begin immediately to establish this commission. 
2. The first order of business of the above commission should 
be to establish uniform environmental guidelines and standards for the 
Bear Lake Valley. 
3. The commission should take the responsibility upon itself to 
enforce these standards. This could be accomplished by the establish-
ment of police powers and ordinances governing building and operation 
permits. 
4. A study should be conducted by the commission to investigate 
what type of sewerage system will most efficiently reduce nutrient and 
pathogenic organism pollution in Bear Lake and to establish performance 
and construction standards concerning water quality protection, for 
development in the valley. The recommendations for implementing such 
studies and building the sewerage system included in the report pro-
duced by the Idaho Water Resources Board (1972) are recommended as a 
basis for implementation of the study. 
5. Recommendations for future areas of research are included in 
Appendix A of this report. 
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CHAPTER II 
A DESCRIPTION OF l~E STATE OF THE BEAR LAKE VALLEY 
Background of the Bear Lake Valley 
The natural setting 
The Bear Lake VaHey occupies a depression partially caused by 
faulting. This depression is west of the Bear Lake Fault, a recently 
active high angle fracture that lies along the westenl edge of the Bear 
Lake Plateau. The Bear Lake Plateau is west of the Preuss Mountain 
Range. The western edge of the plateau forms the eastern wall of the 
Bear Lake Valley. The plateau consists of resistant Paleozoic and 
Mesozoic rock marked by steep ledgy slopes producing talis and steep 
gullies producing alluvium. Along the west side of the valley rolling 
hills consisting of weak Wasatch and Salt Lake Group materials rise into 
the rugged mountains of the Bear River Range. The southenl edge of 
the valley is south of Laketown, Utah, where once again the rolling 
hills, consisting of Wasatch and Salt Lake Groups define the boundary. 
The northern end of the Bear Lake Valley is primarily composed of an 
abandoned lake bed and is, therefore, flat (Williams et a1., 1962). 
The southern and eastera boundaries of the study area are synonymous 
to the corresponding botmdaries of the Bear Lake Valley as described 
above. The western boundary is the crest of the Bear River Range. The 
northern boundary of the study area is a line running parallel to the 
Idaho-Utah border upon the boundary line of Townships 14 and 15 south. 
The terms study area and Bear Lake Valley will be utilized as synonyms 
Figure 3. Map of the Bear Lake Vall ey. 
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throughout the remainder of this report and will refer to the defini-
tion of the study area defined in this paragraph. 
Bear Lake is located on the southern end of Bear Lake Valley at 
42°00'N., lll°20'W. The lake has approximately 48 miles of shoreline, 
110 square miles of surface water, 8 by 20 mile dimensions, and is 
known to have existed for at least 28,000 years. Durulg its 28,000 
15 
year history, Bear Lake has occupied three natural elevatlons or stages . 
The elevations of the stages were 5,948 feet above sea level during 
the Willis Ranch Stage, 5,938 feet above sea level during the Garden 
City Stage, and 5,929 feet above sea level during the Lifton Stage 
(Williams et a1., 1962). The Utah Power and Light Company (1971) reports 
that in 1918 the Bear River-Bear Lake Project was completed. Since 
that time, the lake's elevation has been contxo11ed at a maximum of 
5,924 feet above sea level. 
The major water supply sources for Bear Lake are the Bear River 
and 250 square miles of watershed drained by the St. Charles, Swan and 
Spring Creeks (Figure 4). These three creeks produce an average com-
bined rate of flow of 200 cubic feet per second. All other sources, 
excluding the Bear River, produce an average flow of 25 cubic feet per 
second. Water from the Bear River is diverted into Bear Lake during the 
spring of each year by the Utah Power and Light Company in sufficient 
volume to fill the lake to its maximum elevation of 5,924 feet above 
sea level (McConnell et a1., 1967). 
In conclusion, except for Bear Lake's controlleu maximum elevation 
of 5,924 feet above sea level, Bear Lake and the Bear Lake Valley are 
products of natural forces. 
16 
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History 
The earliest known inhabitants of the Bear Lake Valley were Indians. 
The Bannock and Shoshone Indians used the valley as a hunting and fishing 
area. The valley was also used as a rendevous area where various tribes 
would trade during a period of celebration and festivity. The first 
use of the valley by white men was in the early 1800's when Danial 
McKenze and a party of mountain men trapped the Bear Lake Valley for 
furs with great success. In the 1830's the first settler wagons entered 
the Bear Lake Valley on their way to Oregon, traveling along the Oregon 
Trail. It was not until 1863 that the first white settlements were 
established. Spurred on by the Homestead Act of 1862 and the descrip-
tion of Bear Lake Valley by General John Charles Fremont describing the 
valley to be an area. where: 
The bottoms are extensive, water excellent, timber suffi-
cient, the soil good and well adapted to grains and 
grasses suited to such an elevated region •••• The lake 
will furnish exhaustless supplies of salt. All the 
mountains here are covered with a valuable, nutritious 
grass, called bunch grass, from the form in which it 
grows which has a second growth in the fall. The beasts 
of the Indians were fat upon it; our own found it a 
good substance, and its quantity will sustain any amount 
of cattle and make this a truely bucolic region. 
(Rich, 1963, p. 14.) 
Brigham Young, President of the Church of Jesus Christ of Latter Day 
Saints (Mormon) sent a group of pioneers into the valley to homestead 
the land to keep it out of the hands of "unfriendly gentiles" (Rich, 
1963, p. 15). The early settlers planted crops and raised livestock. 
However, even though the soil was fertile, the growing season was short. 
Consequently, the settlers found livestock raising to be the main 
industry of the valley (Rich, 1963). 
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In 1871 the federal government determined that the 42nd parallel 
was to be the border between Idaho and Utah. Thus, the Bear Lake Valley 
was divided almost in half with the northern half in Idaho and the 
southern half in Utah. In 1875 the counties of Bear Lake County, 
Idaho, and Rich County, Utah, were founded. Both Rich and Bear Lake 
Counties grew as rural agricultural areas, primarily for livestock 
production, and reached peak populations of 7,911 people for Bear Lake 
County in 1930 and 1,685 people in Rich County in 1960 (Rich, 1963; 
u.s. Census, 1920-1970). 
Thus, the Bear Lake Valley did not change much between the time of 
settlement and its time of maximum population. The Bear Lake Valley 
has remained a rural agricultural area with livestock raising its 
major industry. 
The Bear Lake Valley Today and in the Future 
Introduction 
At the present time the future of the Bear Lake Valley is a topic 
of much concern. Agencies involved with the planning of the valley are 
attempting to answer some of the questions concerning the impact of 
land use changes on the environmental quality of the Bear Lake Valley. 
However, due to lack of data and planning 'expertise the regulatory 
agencies of the valley have been unable to implement answers to these 
questions (Fuller et al., 1971; McDonnel, 1972; Tapper, 1972). 
In an effort to begin to develop the necessary data, Planning Re-
search and Associates (1972) has finished the Rich County Master Plan 
as requested by the Rich County Planning Commission. According to the 
19 
Idaho Water Re$earch Board (1972) a moratorium on subdivisions develop-
ment has been called by Bear Lake County, Idaho. The moratorium is 
expected to be continued until a bi-state commission can begin to estab-
lish guidelines for development. Also, the Idaho Water Research Board 
has completed a water and sewage planning study for Bear Lake County. It 
is hoped that the water and sewer study will be an aid in generating 
federal funds so that the sewer and water plan can be financed and built . 
At present there is no organized approach for planning for the Bear 
Lake Valley. However, in January of 1973 a bi-state planning commission 
for the entire valley is expected to be established. It is .hoped that 
this commission will be able to establish some temporary measures to 
avoid any irreversible damage to the valley. The long range goals of 
the bi-state commission are to develop the necessary data so that long 
range planning goals and guidelines can be established (McDonnel, 1972). 
Despite the fact that formal planning in the Bear Lake Valley has 
been almost non-existent, some members on the staffs of local and state 
agencies do have accurate estimates of how land uses will change in the 
future. The professional opinions of these individuals are strikingly 
similar. Thus, one method of developing the projective data for this 
phase of the research was to interview individuals defined by their 
respective agencies to be the most knowledgeable of the future of the 
Bear Lake Valley. These individuals were asked direct questions over 
the telephone and their responses recorded. Respondents preferred the 
year of 1980 as the base year for making their projections. For this 
reason 1980 was selected as the base year for the projections in this 
report. 
A second method for developing predictions of future changes in 
land use and for determining existing land use patterns was a review 
of previous studies. 
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One data source does need to be qualified. Riley (1966) predicts 
the future visitation rate of tourists and local users to the Bear Lake 
Valley over a 10 year period ending in 1976. Since this is the only 
data available predicting visitation rates, the 1976 estimate by Riley 
is used in this report as the minimum number of projected visitations 
to the Bear Lake Valley for the base year of 1980. This is done to 
allow a more uniform discusSion of the future of the Bear Lake Valley. 
To insure conformity all projections concerned with numbers of people 
will be for the minimum amount of expected change for the Bear Lake 
Valley. 
Demographics 
The U.S. Census (1970) estimates the population of the Bear Lake 
Valley to be approximately 1,220 people with 710 people in Rich County, 
Utah, and 510 people in the Bear Lake County, Idaho, portion of the 
study area. However, the Bear Lake Valley lies within a 150 mile radius 
of 350,000 people (Black, 1965), all of whom are potential users. As 
previously stated, because of Bear Lake's location, size, and attractive-
ness, the Bear Lake Valley may have population peaks of as high as 
20,000 tourists and local users present within the valley on a given 
day. These large populations occur seasonally with the greatest number 
of people present during the summer months, the first of June to mid-
September. The population numbers of tourists and local visitors falls 
to near zero after mid-September until the two to three week period of 
Cisco fishing in mid-January. During this period, usually referred 
to as the Cisco run, the numbers of non-residents fishing for Cisco 
may number in the thousands (Fuller et al., 1971). After the Cisco 
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run the non-resident populations again drop down to near zero until the 
first of June. The periods when summer home owners occupy their summer 
homes is similar to the use periods for tourists and local visitors 
described above (Fuller et al., 1971). Also, during the summer months, 
there are approximately 792 summer home residents present in the Bear 
Lake Valley (Planning Research and Associates, 1972; Bear Lake Co. 
Auditor's Office, 1972). 
The United States Census (1970) predicts that the population of Rich 
County, Utah, will increase by at least 885 people by the year 1980. 
Planning Research and Associates (1972) predicts that 70 percent of this 
increase will locate in the Bear Lake Valley portion of Rich County. Thus, 
620 new residents are expected to be residing in the Rich County portion 
of the Bear Lake Valley by 1980. 
The United States Census (1970) predicts no net change in the total 
population numbers of Bear Lake County, Idaho, by the year 1980. How-
ever, the Idaho Water Resources Board (1972) expects a redistribution 
of the population of the county resulting in population increases for 
the Bear Lake Valley portion of the county. While there is no formal 
data available projecting the increases in resident numbers for the 
Bear Lake County portion of the study area, the Bear Lake County Auditor's 
Office (1972) expects population increases in the Bear Lake County 
portion of the study area to be commensurate with population increases 
in the Rich County portion of the study area. Thus, an increase of 
620 people on both sides of the state line would account for a total 
Table 1. Graph of seasonal fluctuation of non-resident users 
Number of users 
(approx. ) 
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population increase for the Bear Lake Valley of 1,240 people. Thus, 
the total population of the valley will equal 2,460 residents by the 
year 1980. 
The annual number of visitors to the study area for the year 1980 
is expected to be at least 1,041,000 people. This number includes 
453,430 visits by tourists and 587,600 local user visits. A local 
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user is defined as a person living within a 150 mile radius of the Bear 
Lake Valley. A tourist is defined as a person residing outside of the 
150 mile radius of the valley (Riley, 1966). 
The only existing data for number of users by type of use was 
developed by Riley (1966) for the year of 1964. Unfortunately, no 
other data for existing use is available. It has been observed by 
Fuller et a1. (1971) and by Planning Research and Associates (1972) 
that the percentage of campers with self-contained camping vehicles, 
2 ( 
Table 2. Table of population numbers 
Year 
Resident Type 1972 1980 
Permanent Resident 1,220 2,460 
Visitors 593,400* 1,041,000 
Tourists 232,600* 453,430 
Local users 360,800* 587,600 
Summer Home Residents 792 3,458 
Total 595,412 1,046,918 
L/' *Ri1ey's 1964 figure "last available. 
Table 3. Percentage of users by type of recreational activity from 
Riley 1966. 
Type of Recreationists 
Activity Tourist Local User 
Sightseeing 11.9 5.5 
Picnicking 2.4 3.1 
Relaxation 14.3 39.2 
Swimming 19.0 15.7 
Water Skiing 0.0 15.3 
Boating 2.4 9.8 
Camping 21.9* 4.7a 
Fishing 0.0 2.0 
Photography 4.8 0.0 
Misc. 23.8 4.7 
*30.2 percent of this number own self-contained camping vehicle. 
a50 . 0 f hi mb If i d i hi 1 percent 0 t s nu er own se -conta ne camp ng ve c e. 
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such as trailers and Winnebagoes, has increased. There are no measure-
ments of the percentage rise in self-contained vehicles, however. Thus, 
Riley's user statistics (Table 4) must be considered to be the most 
accurate user number data available. 
The number of future non-resident summer home occupants has not been 
projected. However, the number of new summer homes expected' to be built 
in the valley between 1972 and 1980 is 80 to 100 new summer homes per 
year. Over the eight year period, 1972 to 1980, this would account for 
640 to 800 new summer homes in the valley with the mean number of new 
summer homes being 720 (Wood, 1972; Bear Lake County Auditor's Office, 
1972). If the occupant per household average for Utah of 3.7 people per 
house (Bunkerhoff, 1969) is representative of the summer home residents, 
an increase in the summer resident population of 2,664 people can be ex-
pected to occur in the Bear Lake Valley by the year 1980. 
Land use 
The map (Figure 5) and the descriptions of land use in the Bear 
Lake Valley are based primarily on Black (1965) but are updated with in-
formation developed by Planning Research and Associates (1972) and the 
Idaho Water Resources Board (1972). 
The 296,719 acre study area consists of 70,400 acres of Bear Lake 
surface area, 122,588 acres of multiple use lands, 85,936 acres of pri-
vate agricultural land, 10,648 acres of the Bear Lake Wildlife Refuge, 
6,520 acres of recreational lands and 407 acres of municipalities. 
Multiple use lands. Multiple use lands refer to land managed by the 
multiple use management concept. The multiple use concept is a management 
concept applied to certain federal and state lands. The goal of mUltiple 
use management is to allocate various types of land use upon land areas so 
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Table 4. Acres of land use by type of use 
Year 
Land Use 1972 1980 
Multiple use land 122,588 acres 121,594 acres 
Agricultural land 85,936 84,449 
Grazing land 65,293 64,257 
Drycrop lands 12,880 12,880 
Irr. crop lands 6,884 6,433 
Farmsteads 879 879 
Recreation lands 6,420 8,449 
Municipalities 407 859 
Bear Lake Wildlife Refuge 10,648 10,648 
Transportation 320 320 
Lake surface area 70,400 70,400 
Total 296,719 296,719 
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Figure 5. Existing land use map. 
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that the trade off situation is achieved where maximum use benefits 
of land occur with minimum impact upon natural systems. Whenever 
possible, dependent upon the compatibility of land uses, land uses 
are managed to occur simultaneously upon the same land areas. In 
general, most of the land uses occurring upon multiple use lands are 
compatible and, thus, most often will occur simultaneously upon the 
same land area (Call et al., 1972). The types of land uses included 
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on multiple use lands in the Bear Lake Valley are watershed management, 
grazing, game and habitat management and undeveloped recreation, 
inculding hiking, horseback riding, snow sports, camping, snowmobiling, 
unique natural feature areas, all terrain vehicles, hunting and fishing. 
According to Fuller et al. (1971) the impacts of multiple use 
lands upon the water quality of Bear Lake seem minimal or non-existent 
with the following exceptions. In the area of the annual Cisco run 
ineffective outhouses are provided along with a makeshift boat dock. 
Campers tend to congregate in this area and disposal of human wastes 
becomes a problem. Non-regulated camping along the entire east shore 
of Bear Lake on multiple use lands creates waste problems as campers 
use inadequate latrine facilities or no facilities at all. It is be-
lieved that much of these wastes eventually end up in Bear Lake, creat-
ing possible health hazards due to concentrations of bacteria and other 
organisms. Nutrients from these wastes also threaten the lake with 
possible nuisance algal blooms. 
It is projected that by the year 1980, 914 acres of multiple 
use land owned by the State of Idaho will be replaced with a 914 acre 
campground development by the Idaho Department of Recreation (Derdall, 
1972). Also, 80 acres has been purchased from the Bureau of Land 
Management by Sweetwater, Inc. for the construction of 
condominiums (Drummens, 1972). 
Agriculture. Agriculture has historically been the basis for the 
economy of the Bear Lake Valley. Today the 85,936 acres of private 
farmland of the valley still provide the basis of the Bear Lake 
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Valley's economy. 65,293 acres or 76 percent of the private agricul-
tural land is used for grazing. Other agricultural uses include dry-
land cropping, comprising 12,880 acres or 15 percent of the agricultural 
land, and irrigated crop and pasture land, comprising 8 percent or 
6,884 acres. Farmsteads, including households, barns, outbuildings, and 
feedlots, comprise 879 acres or one percent of the agricultural 
land. In general, the grazing lands are located on the foothills 
and mountain slopes of the valley. The dry1and croplands occur in 
the foothills, and irrigated crop and pasture lands occur on the 
valley floor. The homestead lands are found primarily on the valley 
floor, most with immediate access to U.S. Highway 89 or Utah Highway 16. 
According to Fuller et a1. (1971) the only agricultural practice 
having a significant effect upon the water quality of Bear Lake is the 
wintering of cattle. Most of the wintering areas for both dairy and 
beef cattle are pasture lands, feed lots, or holding pens located on 
the valley floor. These wintering areas are usually situated adjacent 
to water courses in order that the spring runoff will help to remove 
the accumulated animal wastes by washing the wastes into the water 
courses and thus, downstream. At times accumulated wastes are 
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mechanically pushed into water courses. It is believed that the 
nitrogen, phosphorus, and other organic materials from the animal 
wastes are sufficient to cause algal blooms in specific shoreline areas 
in the lake during the warmer months of the year. 
It is expected that by the year 1980 approximately 1,487 acres 
of agricultural land will be replaced by corresponding increases in 
residential, recreational and commercial developments . These new 
developments will be discussed in detail later in this chapter. 
Included in the 1,487 acres of agricultural land to be replaced are 
452 acres of irrigated crop and pasture land, primarily for residential 
housing. The other 1,035 acres of development will replace grazing 
lands. The above replacement calculations were made by over laying 
Figure 5, Existing Land Use Map, with Figure 6, Areas of Projected Land 
Use Changes. Also, it is expected that by 1980 the winter livestock 
holding areas will be removed away from areas directly adjacent to 
water courses (McDannel, 1972). 
Recreation. Recreation is believed to be the major growth incentive 
for both the population and the economy of the Bear Lake Valley (P1an-
ning Research and Associates, 1972; Fuller et a1., 1971; and others). 
The major developer of the area, Sweetwater, Inc. (1972), believes 
the Bear Lake Valley is capable of supporting at least one four season 
recreational development. However, at present most of the recreational 
~ 
activity takes place during the summer months and for a one to two week 
period during the Cisco run in mid-January. Winter recreation facilities 
nearer the homes of users living outside of the valley are believed 
to be the reason for the low user rates during the winter months (Wood, 1972). 
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The types of recreation that occur during the summer include 
resort activities, boating, swimming, water skiing, fishing, horseback 
riding, hiking, beach activities, all terrain vehicles, pleasure driving, 
sight seeing and summer homes. In the fall, game birds, deer and elk 
are hunted. Winter activities include ice fishing, Cisco fishing, ice 
boating, ice skating, cutter races, snowmobiling, tubing, tobogganing, 
sleigh. riding, ski touring and snow shoeing (Riley, 1966; Sweetwater, 
Inc., 1972). 
At present there are approximately 6,298 acres of land in private 
ownership that have developed or are developing into permanent recreation 
developments. Sweetwater, Inc. (1972) states its present holdings com-
prise 6,000 acres. Included in the 6,000 acres are 36 acres of Beach 
Resort, 11 acres of marina, 3,000 acres of dude ranch, 700 acres of 
canyon wildland and picnic area and 2,253 acres to be developed as 
a mixture of summer homes and open space. The remaining 298 acres of 
private development include 151 acres of scattered marinas, restaurants, 
resorts, small commercial areas, and 147 acres of summer home developments. 
Summer homes are perhaps the most popular recreational development 
within the Bear Lake Valley. In addition to the 2,400 acres of summer 
home developments reported above there is a large number of single 
homes independent of formal developments. Most of these single recre-
ational dwellings are being built on the eastern shore of Bear Lake. 
The best approximation of the number of summer homes within the valley 
is 214 (Planning Research and Associates, 1972; Bear Lake County 
Auditor's Office, 1972). Due to the cumbersome and inadequate records 
of Bear Lake County, Idaho, the total number of summer homes is at best 
an approximation. 
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One hundred and twenty-two acres of state and federal lands are 
developed for recreational use in the Bear Lake Valley. The two 
developments serving the valley floor are the North Beach Idaho State 
Park, located four miles east of Highway U.S. 89 on the northern end 
of Bear Lake, and the Utah State Park Bear Lake Marina, located on 
u.S. Highway 89 1 1/2 miles north of Garden City, Utah. The other 
developed public recreational areas include rest areas located along 
u.S. Highway 89, scattered historic and natural feature sites, the Boy 
Scouts of America Summer Camp on the east side of the lake in Rich 
County, Utah, and four campgrounds in the Cache National Forest. The 
four campgrounds are west of St. Charles, Idaho, and have access to 
u.S. 89 via St. Charles Canyon Road. 
Most of the recreational activities occur on unimpr0Ved areas 
along the east shore of Bear Lake. The land on which these activities 
take place is primarily state and federally owned multiple use land 
and is, therefore, discussed previously in the mUltiple use section of 
this chapter. 
Recreation is very dependent upon Bear Lake for aesthetics, 
boating areas, fishing, swimming, and other water and ice related 
activities. However, according to Fuller et a1. (1971), recreational 
activities pose the most serious threat to the water quality of Bear 
Lake at the present time. Discharges from boats, inadequate restroom 
facilities, and improperly functioning septic tanks on the east and 
northwest sides of the lake are adding pollutants to the lake. The 
effect of these pollutants can be algal blooms, floating debris, 
littering of the lake bottom and a general deterioration of the 
water quality of Bear Lake. 
The expected 2,029 acres of recreational land use changes for the 
Bear Valley by the year 1980 include 35 acres of private campgrounds 
and recreational areas, a 1,000 acre summer home development on the 
east side of Bear Lake north of the Idaho-Utah border, a 914 acre 
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Idaho State Park campground development on the northeastern shore of 
Bear Lake and an increase in the number of summer homes. Also, accord-
ing to Drummens (1972) 80 acres of Bureau of Land Management lands has 
been purchased by Sweetwater, Inc. for the construction of condominiums. 
In addition, by the year 1980 Sweetwater, Inc. expects to have completed 
its beach resort, marina, dude ranch, wilderness and picnic area and 
its 18 hole golf course (Loader, 1973). 
The 35 acres of private campgrounds and recreational areas consist 
of five different locations, one in Idaho on the northwestern shore of 
the lake, and four in Utah, two on the east shore and two on the west 
shore. It is expected that these developments will use septic tank 
waste systems and locate directly on the shore of the lake (Black, 1965). 
The proposed 1,000 acre summer home development on the east side 
of Bear Lake in Idaho has not yet been finalized. Therefore, no details 
of sewage systems, proximity to the lake and etc. are known at this 
time (Salisbury, i972). 
The Idaho State Park and Recreation Department's 914 acre camp-
ground will consist of 60 camping units. The North Beach State Park 
water system, drawing water from Bear Lake, will be expanded to provide 
water to the new facility. The present waste disposal system, sealed 
vault toilets, in the North Beach State Park will also be used in the 
new campground facility. The two Idaho State Parks are expected to 
be able to effectively handle two-thirds of the estimated 1980 visitor 
demand for camping except for peak periods when, due to the large 
numbers of campers, the sealed vault toilets will become totally in-
effective due to overflow. These peak periods are expected to occur 
on the three-day holidays associated with the 4th and 24th of July 
and Labor Day (O'Neil, 1972; Derdall, 1972). 
The increase in the number of summer homes has already been dis-
cussed in the demographics section of this paper; the increase will 
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be 640 to 800 new homes. It is expected that these summer homes will 
continue to use septic tanks as means of waste disposal (McDonne1, 1972). 
Municipalities. The municipalities of the Bear Lake Valley include 
St. Charles, Idaho, population 200 people, Fish Haven, Idaho, popula-
tion 120 people, Garden City, Utah, population 134 people, Pickleville, 
Utah, population 106 people, and Laketown, Utah, population 208 people 
(U.S. Census, 1970). The total population is 868 and the total acreage 
is 407 acres. These communities provide residential and commercial 
areas for the valley residents and commercial and service areas for 
non-residents. Fuller et al. (1971) states that the major effect of 
these municipalities on the water quality of Bear Lake is inadequate 
septic tanks and other inferior waste disposal systems. 
As previously stated, muniCipalities will have to provide housing 
for 1,240 new residents. It is suggested by Planning Research and 
Associates (1972) that the lot size for residential housing be set at 
approximately 1/4 acre and the lot size for low density residential 
housing be set at 2 1/2 acres. Since it is impossible to estimate the 
number of new residents choosing residential as opposed to low density 
residential housing, a 50-50 percentage breakdown will be assumed. 
Thus, given the average of 3.7 occupants per household in Utah 
(Bunkerhoff, 1969), the increase in population will account for 452 
acres of new housing within the valley by the year 1980. 
Table 5. The population of municipalities. 
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Municipality State Present Population 
st. Charles Idaho 200 people 
Fish Haven Idaho 120 people 
Garden City Utah 134 people 
Pickleville Utah 106 people 
Laketown Utah 208 people 
Total 868 
Bear Lake Wildlife Refuge. The Bear Lake Wildlife Refuge comr 
prises approximately 10,648 acres of the study area in the marshland 
of Dingle Swamp and Mud Lake just north of Bear Lake. Dingle Swamp 
and Mud Lake exist due to the abandonment of part of Bear Lake caused 
by a manmade dike. This swampland is an excellent habitat for 20 
species of game birds and a large variety of shore and other aquatic 
birds. Game birds include ducks, geese, and swans , The swamp supports 
a large population of muskrats, which are commercially harvested. 
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The primary function of the refuge is management of the water birds and 
muskrats. However, hunting, fishing, and sightseeing occur in the 
refuge along with some hay harvesting (Low, 1972). 
Dingle Swamp has its water level artificially maintained by the 
Utah Power and Light Company in compliance with an agreement between 
the Utah Power and Light Company and the wildlife refuge. Once a year, 
in the spring, the Bear River is diverted through the swamp to fill 
Bear Lake (Watkins, 1972). 
No major changes in land use are expected to occur within the 
boundaries of the wildlife refuge by the year 1980 (Low, 1972). 
Scientific research. The scientific research facilities at Bear 
Lake consist of the Bear Lake Research Laboratory managed by the Wild-
life Resources Department of Utah State University. The laboratory 
is small and modern, adequate for small scale research investigations. 
The facilities include a self propelled 40 foot barge, a 32 foot cabin 
cruiser, several smaller boats, and an underwater television. The 
laboratory is manned by personnel from Utah State University off and 
on during the summer months. However, in January of 1973, the station 
will be permanently manned by an employee of the State of Utah's 
Department of Fish and Game. The main research at the station is 
ichthyology and fish ecology. The laboratory is located in the town of 
Pick1evi11e, Utah, but research is carried on throughout all of Bear 
Lake. While the research station has no significant effect upon the 
water quality of the lake, except to study it, any change in water 
quality could interfere with its function by damaging or even destroy-
ing some of the fisheries being studied in Bear Lake. Included are 
the fisheries of the Bear Lake White Fish, Coregonus abyssico1a, and 
the Bonneville Cisco, Coregonus gemifer, which are unique to Bear Lake 
(White, 1972). 
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It is expected that the Bear Lake Research Laboratory will continue 
as it now exists through the year of 1980 (White, 1972). 
Transportation. The major access to the Bear Lake Valley is from 
u.s. Highway 89 because most of the traffic generated from outside 
of Bear Lake Va1lp.y originates from the Wasatch Front Area (Riley, 1966). 
From the east u.s. Highway 30 in Wyoming connects with Utah State High-
way 3 to provide the major route into the Bear Lake Valley from points 
east. Secondary roads connect ranches, farms and homes. While most 
of the roads are paved, 210 acres, the main road on the east side of 
the lake and some secondary roads are dirt. The total acreage of the 
study area comprised of roads is 320 acres (Black, 1965). 
The highways and roads in the Bear Lake Valley are not expected 
to change greatly by the year 1980. The five mile section of u.S. 
Highway 89 between the Idaho-Utah Border and Fish Haven, Idaho, is 
expected to be widened from its present 28 foot width to a width of 
32 feet. The routing of this section of the road mayor may not be 
altered at the same time the widening construction is done (Marsh, 1972). 
Call (1972) states that the Forest Service expects to pave the 
10.1 mile long St. Charles Valley Road without altering its 26 foot 
width. The three mile long dirt road on the northern end of Bear Lake 
connecting the new Idaho State Park campground with North Beach Idaho 
State Park will be paved by the Idaho Parks Department, maintaining its 
present 26 foot width (O'Neil, 1972). Also, according to Planning 
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Research and Associates (1972) and the Bear Lake County Auditor's 
Office (1972), it is expected that access roads to housing and re-
creational developments will be paved at a width of 26 feet. At present 
there are no other modifications of the road and highway systems of 
the Bear Lake Valley (Marsh, 1972; Murdock, 1972). 
The runoff from the roads eventually ends up in Bear Lake, as 
does all the drainage within the valley (Fuller et al., 1971). Thus, 
runoff problems associated with roads, such as increased sedimentation, 
gasoline, oil, rubber dust and highway deicing materials have the 
potential of affecting the water quality of Bear Lake. 
Sewage disposal systems. Generally, except for the Idaho Parks 
Department and Sweetwater, Inc. lands, the septic tank and drainfield 
type of sewage treatment system is used on all lands throughout the 
study area. This type of system is generally ineffective in areas 
close to the lake or where problems due to soil type, water table, 
flooding or direct ground water flow into the lake cause the septic 
tanks and drain fields to be ineffective (Fuller et al., 1972). (See 
Figure 8.) 
The Idaho Parks Department utilizes sealed vault toilets as 
the waste disposal system in the North Beach State Park and will use 
the vaults in the new Idaho State Park campground when completed. 
Sealed vault toilets store up the human wastes from campers and day 
users. The vaults are emptied periodically with the waste material 
transported out of the valley. This type of disposal system is con-
sidered to be totally effective in keeping waste materials out of the 
lake except on the holiday weekends of July 4th and 24th and Labor Day. 
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On these days 4,000 to 5,000 people commonly camp in the North Beach 
State Park causing the sealed vaults to become ineffective in keeping 
waste materials out of the lake due to overflow once the vaults are 
full. Despite the fact that the new campground facility is intended to 
lessen the user concentration on these peak days, the sealed vault 
disposal systems will probably continue to be ineffective on the three 
major summer holidays due to problems of overflow as described above 
(O'Neil, 1972; Derdall, 1972). 
Sweetwater, Inc. has completed a self contained evaporative sewage 
treatment system. This system serves the entire Sweetwater development, 
excluding storm water runoff. No effluent from this system is deposited 
in Bear Lake (Loader, 1973). 
At present there is much discussion concerning waste disposal 
systems in the Bear Lake Valley. Some agencies in both Idaho and Utah 
are proposing a waste disposal system for the entire valley. Other 
agencies foresee disposal systems for only the Utah or Idaho portion 
of the valley. Others foresee no changes at all by the year 1980. 
While some changes in waste disposal systems of the valley are hoped 
for, no changes can be expected with any certainty. Thus, except for 
the addition of more septic tanks with drainfields and the sealed vault 
toilet additions in the new Idaho State Park, no other modification 
of the waste disposal systems of the Bear Lake Valley are expected by 
the year 1980 OMcDonnel, 1972). 
Land Ownership 
The map (Figure 9) and the descriptions of land ownership in the 
Bear Lake Valley are based primarily on Black (1965) but are updated 
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with information developed by Planning Research and Associates (1972) 
and the Idaho Water Resources Board (1972). 
Following from the previous discussion of land use, how the land 
in the Bear Lake Valley is used is very much affected by who owns the 
land. Approximately 70,400 acres of the study area are surface area 
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of Bear Lake and are owned by the States of Idaho and Utah as a public 
access area. Of the 226,319 acres of land in the study area, 110,334 
acres are owned by the Federal Government. Approximately 60,232 acres 
of the federal land is owned by the Forest Service, 39,454 acres by the 
Bureau of Land Manag~ent and 10,648 by the Bear Lake Wildlife Refuge. 
State lands include 18,892 acres of land in Utah and 4,330 acres of 
land in Idaho for a total of 23,222 acres of land. Private lands 
comprise 92,763 acres of the valley's land area. However, 79 percent 
of the Bear Lake shoreline is privately owned. 
A review of the land use section of this report reminds the reader 
that multiple use lands occur on federal and state lands. Agriculture, 
recreation developments, summer homes and municipalities are located 
on private lands. Private lands are also subject to the greatest 
developmental pressures according to Planning Research and Associates 
(1972) and the Bear Lake County Auditor's Office (1972). 
While actual changes in the land ownership categories of private, 
state and federal lands are expected to be few (Table 6), how the land 
is to be managed and developed by each landowner group does have signi-
ficant effect upon where and in what manner development and change will 
occur. The manner and location of change in turn will determine the 
extent of changes in the water quality of Bear Lake. 
Table 6. Land ownership 
Land Ownership 
Federal Government 
Forest Service 
Bureau of Land Mgt. 
Bear Lake Wildlife Ref. 
State Lands 
Utah 
Idaho 
Private Lands 
Bear Lake Surface 
Idaho 
Utah 
Total 
1972 
110,334 
60,232 
39,454 
10,648 
23,222 
18,892 
4,330 
92,763 
70,400 
40,960 
29,440 
296,719 
Year 
1980 
110,254 
60,232 
39,414 
10,648 
23,222 
18,892 
4,330 
92,843 
70,400 
40,960 
29,440 
296,719 
Forest Service lands. The only expected change in land use on 
Forest Service lands within the study area is to pave the St. Charles 
Canyon Road in the manner previously discussed (Call, 1972). 
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Other federal lands. The other federally owned lands in the valley 
belong to the Bureau of Land Management and the Bear Lake Wildlife Refuge. 
No changes in land uses are expected to occur on the wildlife refuge lands 
by the year 1980. Bureau of Land Management lands are subject to sale 
and other means of disposal for higher and better utilization of the 
land. This type of ownership change is difficult to predict due to the 
large variety of reasons such transactions occur. At present, 
Sweetwater, Inc. is in the process of acquiring 80 acres of Bureau 
of Land Management lands for the construction of condominiums. No 
other ownership changes are foreseen at present (Drummens, 1972; Low, 
1972). 
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Idaho state lands. The Idaho State Park and Recreation Department 
expects to construct the 914 acre 60 unit state park campground 
previously discussed. 
There are approximately 2,274 acres of Idaho State Endowment Lands 
in the Bear Lake Valley. The only possible char.ges in land use on 
these lands would be through the sale of these lands. Sixty-one acres 
of land located within Township 15 S. and Range 44 E. almost border 
Bear Lake. It is believed by some that this land will be under 
pressure to be developed for some type of summer home utilization. 
Thus, there is a possibility that this particular 61 acre parcel will 
be sold. This is the only foreseeable change for the year 1980 
(Scribner, 1972). 
Utah state lands. There are no expected changes in either 
facilities, development, or land use upon the Utah state lands by the 
year 1980 (Johnson, 1972). 
Private lands. The changes on private lands will be to replace 
1,485 acres of agricultural land with recreational developments, summer 
homes and residential areas as previously discussed in the land use 
section of this report (Figure 5 and Table 4). 
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Uses of the water of Bear Lake 
Bear Lake was converted from a natural lake to a storage reservoir 
in 1918 with the completion of the Bear River-Bear Lake Project. The 
Bear River-Bear Lake Project was developed to provide water for irriga-
tion and power generation. In providing irrigation and power the project 
has opened up thousands of acres of farmland, saved millions of dollars 
of crops in drought years, and provided protection from flooding by 
the Bear River. While these benefits have occurred downstream from 
the Bear Lake Valley, benefits to the valley include utilizing the 
increased water supply for recreation, preservation of the wildlife 
refuge, drinking water and scientific research. Scientific research 
and recreation are not consumative uses of water, but these activities 
utilize the water as a medium for fish, boats and other water supported 
activities and organisms (Utah Power and Light, 1971). 
Controlled release of the water of Bear Lake is managed by the 
Utah Power and Light Company primarily for irrigation purposes. The 
total water available for irrigation is 1,421,000 acre feet, which is 
the total developed capacity of the lake. The total developed capacity 
of the lake refers to that volume of the lake that can be drained from 
the lake by the Utah Power and Light Company through the utilization 
of the facilities constructed during the Bear River-Bear Lake Project. 
The total developed capacity is 18.9 percent of the 7,525,000 acre 
foot volume of Bear Lake (Nunan, 1972). The water rights for irrigation 
are dispersed among many subscribers. The subscribers and their water 
rights are defined in the Bear River Compact and later Court Decisions 
(Watkins, 1972). 
Water released into the Bear River is also used in five down-
stream hydroelectric plants with a combined generating capacity of 
125,500 kilowatts. Water cannot be drawn solely for the generation 
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of power, except in emergency cases, once the water level of the lake 
is lowered to 5,914.7 feet above sea level. However, it is the prac-
tice of the Utah Power and Light Company not to draw water, solely for 
power generation, once the lake has fallen to a level of 5,918 feet 
above sea level. This is done to avoid the possibilities of water 
shortages (Watkins, 1972). 
There exists an agreement between the Bear Lake Wildlife Refuge 
and the Utah Power and Light Company stating that Utah Power and Light 
will maintain the water level of Dingle Swamp subject to certain con-
ditions. Use of waters from Bear Lake for discharge into Dingle Swamp 
is the lowest priority use. However, it should be noted that only once 
in the history of Dingle Swamp, in the year of 1936, has the total 
developed capacity of Bear Lake been depleted. Thus, Bear Lake is a 
reliable source of water for maintaining the Bear Lake Wildlife Refuge. 
The only drinking water taken from the lake is drawn at the 
extreme north end of the lake near the Lifton Pumping Station. This 
water is used to supply water to North Beach Idaho State Park. The 
water system was developed by the State of Idaho at a cost of 180,000 
dollars. The water drawn from the lake is chlorinated and is described 
to be of extremely high quality for drinking (O'Neil, 1972). 
In an average year the demands for water from Bear Lake will cause 
the lake to drop 3.2 feet. However, average years seldom occur and a 
wide range of fluctuations of less than one foot to a maximum of 21.65 
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feet may occur in anyone year. 21.65 feet is equal to the total 
developed capacity of the lake (Figure 10) (Utah Power and Light, 1971). 
Previous to the operation of the Bear River-Bear Lake Project, 
the chemical composition of the water of Bear Lake was characteristic 
of lakes having no outflow. The lakes have a low water quality 
resulting from evaporative concentrating of salts within the lake 
(Nunan, 1972). During the operation of the Bear River-Bear Lake Project 
the average annual water input into the lake from the Bear River has 
been six to eight times that of the natural watershed of the lake. It 
is suggested that this large input of more dilute water from the Bear 
River plus the flushing action due to increased outflow from the lake 
are responsible for the decreasing concentrations of major ions found 
in Bear Lake (McConnell et a1., 1957). Later studies of the major 
actions of Bear Lake seem .to substantiate the diluting effects of the 
Bear River (Nunan, 1972). 
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CHAPTER III 
THE EFFECTS OF THE PROJECTED LAND USE CHANGES 
ON THE WATER QUALITY OF BEAR LAKE 
Types of Pollutants Generated from Specific Land Uses 
Urban uses 
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According to Bullard (1966) and Brandt et a1 (1972) the land uses 
to be included within the category of urban use are residential areas, 
paved roads, summer homes and recreational developments, excluding 
campgrounds and Sweetwater, Inc.'s proposed dude ranch. 
The major water pollutants from urban areas are nutrients, bio-
degradable organic compounds, toxic chemicals, pathogenic organisms 
and sediment. Sources of nutrients include human wastes, fertilizers 
and storm water runoff. Human wastes and storm water runoff are also 
sources of biodegradable organic compounds, toxic chemicals and patho-
genic organisms. Sediment production is dependent upon the type of soil 
and the type of land use present on an area of land. Thus, when land 
uses or land use intensities change on an area of land sediment 
production can also be expected to change (Bullard, 1966; Brandt et 
a1., 1972). 
Construction 
As the Bear Lake Valley develops, it will be necessary to construct 
new homes, summer homes, roads, commercial and recreational areas. 
Thus, construction will be one of the land uses occurring in the valley. 
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Toxic chemicals are the major pollutants produced by construction. 
Construction also changes the amount of sediment produced (Bullard, 1966). 
Recreation 
The major pollutants from recreational land uses include nutrients, 
pathogenic organisms, litter and sediments. Nutrient sources include 
human wastes from campgrounds, boats, eating and service areas. Patho-
genic organisms originate from swimmers, water skiers and human wastes. 
Litter tends to accumulate where people gather together. Litter also 
tends to increase as the number of people increases (Bullard, 1966; 
State of California Department of Public Health, 1961) ·. 
Agriculture 
Agricultural areas include grazing lands, dryland croplands, the 
Sweetwater, Inc. dude ranch and irrigated crop and pasture lands. 
The types of pollutants orginating from agricultural lands include 
fertilizers, herbicides, pesticides, sediments, nutrients, pathogenic 
organisms and biodegradable organic matter. Animal wastes are the 
principle source of biodegradable organic materials, nutrients, and 
pathogenic organisms. The principle sources of fertilizers, pesticides 
and herbicides are croplands. Sediments are produced from all agri-
cultural uses. Each type of agricultural land use will affect sediment 
production differently (Wi11rich et a1., 1970). 
Multiple use lands 
The principle polluting land uses for multiple use lands are 
recreational activities and livestock grazing. Thus, the types of 
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pollutants produced on multiple use land are the same as those produced 
on recreational and grazing lands. 
Effects of Pollutants on the Water Quality of Bear Lake 
Sediments 
Sediments in lakes and reservoirs cause the filling of these 
bodies of water and the altering of nutrient and total dissolved solid 
(TOS) concentrations (Stewart et a1., 1967). Sediments can reduce the 
TDS and nutrient concentration of lakes by trapping these substances 
chemically. Sediments may serve as the transporting vehicle for 
nutrients and TDS. When sediments transport nutrients and TDS to a 
lake and then release them into the lake nutrient and TDS concentra-
tions may increase. At the present time no studies describing methods, 
except laboratory experiments, estimating the relationships of TDS, 
nutrients and sediments in lakes can be located in the literature. 
Also, there are no studies describing the TDS, nutrient and sediment 
relationships in Bear Lake. 
Sediments also affect the turbidity of lakes when wind, boats 
and/or currents sufficiently mix a lake to suspend sediments (Bullard, 
1966; State of California Department of Public Health, 1961). Workman 
(1963) found that sediments affected the turbidity of Bear Lake in 
instances when wind velocity was great enough to disturb the bottom 
sediments. This happened infrequently and only in the littoral areas 
immediately adjacent to shore. Thus, sediment suspension due to wind 
and currents is not considered to be of significant effect on the tur-
bidity of Bear Lake. Insufficient data describing the mixing potential 
of motorized boats and types of boats used in Bear Lake does not allow 
estimates of the effects boats have on sediment resuspension and tur-
bidity in Bear Lake. Thus, the effects of sediment resuspension by 
motorized boats will not be discussed in this report. 
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Because of the qualifications discussed above the only consideration 
of sediment developed in this report will be to estimate the changes in 
sediment yields due to the projected land use changes in the valley. 
The following model, The Universal Soil Loss Equation, developed by 
Wischmier et al. (1965) and updated by Brandt et al. (1972) expresses 
the soil loss as sediment in tons per acre: 
A = R (LS) K C P 
where 
A = the soil lost as sediment in tons per acre 
R = the annual rainfall-erosivity index 
(LS) c the length and percent of slope factor 
K = the soil erodability factor 
C = the land use factor 
P = the erosion control factor. 
(1) 
The R or rainfall-erosivity factor is mapped by the United States 
Weather Bureau for all areas of the country east of the Rocky Mountains. 
According to Wischmier et al. (1965) R factors cannot be mapped in the 
Rocky Mountain area due to the high variability of storm intensities 
for specific areas. Thus, the only way to measure R factors in the 
Bear Lake Valley is with a memory rain gauge. Since no such gauge is 
in operation in the valley exact R factors are not known. The Cache 
Valley Soil Conservation District Office has found that fairly 
accurate results can be obtained if R is assumed to be equal to 60. 
The (LS) or length and percent of slope factor is calculated 
from the following equation: 
(LS) - L (0.0076 + 0.0053s + 0.00075s2) 
where 
L = the average length of slope 
S = the average percent of slope. 
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The average slope length and the percent of slope were estimated using 
the U.S.G.S. topographic map for the Randolph Quadrangle. The percent 
slope factors were mapped (Figure 11) and overlaid with Figure 6, 
projected areas of land use change map, so that a range of L values for 
each area of land use change could be determined. 
The K factors or soil erodabi1ity factors for the Bear Lake Valley 
are presently being determined by the Soil Conservation Districts of 
Bear Lake County, Idaho, and Rich County, Utah. Therefore, it was 
necessary to estimate K factors by comparing the soil descriptions for 
soils of the Bear Lake Valley with soil descriptions of soils with known 
K factor values. The soil descriptions for the Bear Lake Valley were 
obtained from the Bear Lake County and Rich County Soil Conservation 
Service District Offices. Utah soils with known K factor values were 
obtained from the Cache County Soil Conservation District Office. Idaho 
soils with known K factor values were obtained from the U.S. Soil 
Conservation Service State Office in Boise, Idaho. Because the soil 
descriptions defined soil composition in percent of sand, silt or clay 
contained in the soil, the soil comparisons were made in terms of the 
o 
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Figure 11. Percent of slope map. 
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percent of the soil composed of sand, silt or clay. The K factor 
values were then mapped (Figure 12). Figure 6, projected areas of 
land use change map, was used as an overlay to determine K factor 
values for the areas of land use change. 
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Land use factors or C factors were determined by type of land use 
from the chart, reproduced in Table 7, developed by Brandt et al. 
(1972). To conform to the land use classifications used in Table 7, 
woodlands will include all woodland and forest land in the study area. 
Construction is defined as all areas of land totally exposed to 
weathering due to man's disruption of the soil. Therefore, construction 
areas will include areas of actual site construction and all dirt roads. 
Pasture lands include all irrigated pasture lands. Urban areas in-
clude all paved roads, residential and commercial areas. Grasslands 
will include all grazing lands and non-wooded multiple use lands ex-
cept irrigated pastures. Croplands include all irrigated and non-
irrigated croplands. The C factor value for croplands includes an 
erosion control factor or a P factor. A value of 0.5 is commonly used 
for the P factor value for the erosion control practice of contouring. 
Thus, the C factor value for cropland is accurate for croplands 
occurring on lands of zero to five percent slope with no contouring 
and on slopes greater than five percent when contouring is practiced. 
Sloping croplands in the valley are contoured (Taggart, 1973). Thus, 
the C value of 0.08 for cropland is applicable to the study area. 
Contouring is the only erosion control factor pertaining to the 
Universal Soil Loss equation (1) practiced in the Bear Lake Valley 
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Figure 12. Soil erodab11ity, or K factor, map. 
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Table 7. Land use or C factors used in computing sediment yields 
Land Use Type 
Cropland 
Grassland 
Woodland 
Construction 
Urban 
Pasture 
*From Wischmier et aL, 1965, p. 14. 
C Factor Value 
0.08 
0.01 
0.005 
1.0 
0.1 
0.04* 
(Taggart, 1973). Because contouring on croplands is already incor-
porated into the C value for croplands, as described above, no other 
application of erosion control needs to be considered. Thus, the 
original Universal 80i1 Loss Equation (1) simplifies to the following 
equation: 
A = R (L8) K C 
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(2) 
Because the data for the (L8) and K factor values were not accurate 
enough to establish specific values for (L8) and K factors, a range of 
values was determined. Thus, the A factors, rate of soil loss factors, 
for each land use will be calculated using the minimum, maximum and 
mean (L8) and K factor values. This will result in minimum, maximum 
and mean A factor values. Calculations for A factor values are 
illustrated in Table 8. 
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Table 8. Rate of soil loss (A factor) calculations for land uses in 
the Bear Lake Valley 
Land Use R (LS) K C A 
<tons/acre/year) 
High den. residential 
maximum values 60 1.61 .55 0.1 5.31 
minimum values 60 .20 .45 0.1 .54 
mean value 60 .70 .35 0.1 1.47 
Low den. residential 
maximum value 60 4.32 .65 0.1 16.84 
minimum value 60 .45 .47 0.1 1.27 
mean value 60 3.59 .30 0.1 6.48 
Recreation 
maximum value 60 4.32 .65 0.1 16.84 
minimum value 60 .07 .47 0.01 .02 
mean value 60 .45 .30 0.05 .40 
Grazing lands 
maximum value 60 4.32 .65 0.01 1.68 
minimum value 60 .07 .47 0.01 .02 
mean value 60 .45 .30 0.01 .08 
Pasture lands 
maximum value 60 1.61 .55 0.04 2.12 
minimum value 60 .20 .45 0.04 .22 
mean value 60 .70 .35 0.04 .59 
Multiple use land 
maximum value 60 4.32 .65 0.1 16.84 
minimum value 60 .45 .47 0.05 1.27 
mean value 60 3.59 .30 0.01 6.48 
Construction 
maximum value 60 4.32* .65 1.0 168.4 
minimum value 60 .07 .47 1.0 2.0 
mean value 60 .45 .30 1.0 40.50 
Paved roads 
maximum value 60 4.32a .65 0.1 16.84 
minimum value 60 .07 .47 0.1 .20 
mean value 60 .45 .30 0.1 .80 
*Assumes a maximum grade of 10 percent on dirt and paved roads. 
a Includes dirt roads. 
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To calculate the change in sediment yield due to land use changes 
between 1972 and 1980 (C factor) the sediment yields from the areas of 
expected land use change must be determined for the 1972 and 1980 land 
uses. If the sediment yield due to the land use composition existing 
in 1972 (Y1972) is subtracted from the sediment yield due to land use 
composition projected for 1980 (Y1980), the change in sediment yield 
between 1972 and 1980 can be determined. The Y1972 factor value is 
equal to the A factor values for the land use presently existing on 
areas of expected land use change multiplied by the number of acres of 
projected land use changes between 1972 and 1980 (N factor). The Y1980 
factor value is equal to the A factor values for the land uses projected 
to be existing on areas of expected land use changes multiplied by the 
number of acres of projected land use change between 1972 and 1980 
(N factor). Thus, the amount of change in sediment yield due to land 
use changes between 1972 and 1980 can be represented by the following 
equations: 
C = Y1980 - Y1972 
C = A1980 N - ~972 N 
(3) 
(4) 
Calculations of the sediment production on areas of land use change for 
1972 and 1980 (Y1972 and Yl980) are illustrated in Table 9. 
When the mean 1972 sediment production of 7,256 tons is subtracted 
from the mean 1980 sediment production of 4,843 tons it results in a 
net decrease of 2,413 tons of sediment. However, the range of estimated 
sediment production ranges from a maximum condition of an increase of 
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Table 9. Estimates of sediment production on areas of land use 
change for 1972 and 1980. 
Land Use A N Y 
(tons/acre) (acres) (tons) 
1980 Land Uses 
Hi Density Residential 
maximum value 5.31 37 196 
minimum value .54 37 20 
mean value 1.47 37 54 
Low Den. Housing 
maximum value 16.84 405 6,820 
minimum value 1.27 405 514 
mean value 6.48 405 2,624 
Recreation 
maximum value 16.84 2,009 33,833 
minimum value .02 2,009 40 
mean value .40 2,009 804 
Construction 
maximum value 168.4 36 6,062 
minimum value 2.0 30 60 
mean value 40.5 33 1,336 
Paved Roads 
maximum value 16.84 31 521 
minimum value .20 31 6 
mean value .80 31 25 
Total 
maximum value 47,432 
minimum value 640 
mean value 4,843 
1972 Land Uses 
Grazing Lands 
maximum value 1.68 1,036 1,740 
minimum value .02 1,036 21 
mean value .08 1,036 83 
Pasture Land 
maximum value 2.12 451 958 
minimum value .22 451 99 
mean value .59 451 276 
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Table 9. Continued 
Land Use A N Y 
(tons/acre) (acres) (tons) 
1972 Land Uses (Cont.) 
Multiple Use Land 
maximum value 16.84 994 16,739 
minimum value 1.27 994 1,262 
mean value 6.48 994 5,641 
Construction 
maximum value 168.4 31 5,220 
minimum value 2.0 31 237 
mean value 40.5 31 1,256 
Total 
maximum 24,657 
minimum 1,619 
mean 7,256 
22,775 tons to the minimum condition showing a decrease of 979 tons. 
Due to this wide range of change, both positive and negative, the 
results of estimates of sediment production due to projected land use 
change are inconclusive. 
Nutrients 
The principle negative effect of increased nutrient concentrations 
on lakes or reservoirs is the production of algal blooms. Nutrients 
dissolved in water are the major source of nutrients for photosynthetic 
organisms in lakes and reservoirs. The law of the minimum describes 
a major factor affecting the concentrations of photosynthetic organisms 
with respect to nutrients. Each organism in a lake or reservoir 
requires certain kinds and quantities of nutrients; if one nutrient 
is absent the organism cannot exist (Smith, 1966; Ketchum, 1954). 
Thus, the problem of determining what nutrient elements are limiting 
in any given body of water is always a major concern in estimating the 
possibilities of algal blooms occurring in a body of water (California 
Department of Water Resources, 1971). 
In the first column of Table 10 are the limiting concentration 
ranges for nutrients known to be essential for algal blooms in lakes 
and reservoirs (Ketchum, 1954). In the second column of Table 10 are 
the mean concentrations of these nutrients existing in Bear Lake as 
reported by Ralston and Hopson (1972). Table 10 illustrates that the 
only concentrations of nutrients below the limiting ranges for algal 
blooms are nitrogen and phosphorus. Thus, the two nutrients to be 
considered in this report will be nitrogen and phosphorus. 
Table 10. Limiting concentrations of nutrients for algal blooms 
Nutrient 
Carbon 
Nitrogen (as N) 
Phosphorus (as P04) 
Magnesium 
Iron 
Manganese 
Limiting Concentrations Concentrations in 
(mg/1) Bear Lake (mg/1) 
Usually present in sufficient 
amounts for algal blooms 
1.0 to 7.0 0.4 to 0.5 
0.1 to 2.0 0.01 to 0.02 
0.01 to 0.4 58.0 to 61.0 
0.01 to 0.05 0.07 to 0.17 
trace 0.01 to 0.02 
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The State of California Department of Water Resources (1972) uses 
a nutrient balance concept to estimate the changes in nutrient concen-
trations caused by land use changes for impounded bodies of water. 
This nutrient balance approach will be used in this report to estimate 
the changes in nutrient concentrations in Bear Lake due to land uses 
changes. The basic equations for the nutrient balance approach is the 
following: 
where 
C = + C 
e 
C a the concentration of a nutrient for a given year 
P = the nutrient production per unit of land use 
(5) 
U = the net change in land use units between year zero and year X. 
K c the coefficient of nutrient removal by sewage treatment systems 
and soils 
Ni = the amount of nutrients added to the lake by inflow 
N ~ the amount of nutrients lost from the lake due to outflow 
o 
v = the volume of the lake 
C = the existing concentration of a nutrient in the lake in the 
e 
previous year. 
The P or nutrient production factors were determined from reports 
of previous research and are listed in Table 11 (United States Environ-
mental Protection Agency, 1971; Metcalf and Eddy, Inc., 1972; American 
Public Works Association, 1969). 
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Table 11. Production or P factor values for land uses 
Land Use 
Summer homes 
Recreation 
Urban areas 
Agriculture 
cattle & horses 
sheep 
Urban runoff 
With drainage system 
Commercial 
Residential 
P Factor Value 
Nitrogen 
94 grams/people-day 
94 grams/people-day 
94 grams/people-day 
730 grams/animal-day 
340 grams/animal-day 
264 grams/lOa ft.of rd. 
52 grams/lOa ft.of rd. 
Without drainage system 
Commercial 132 grams/lOa ft.of rd. 
Residential 26 grams/lOa ft.of rd. 
Phosphorus 
1.8 grams/people-day 
1.8 grams/people-day 
1.8 grams/people-day 
24.0 grams/animal-day 
11.0 grams/animal-day 
17.6 grams/lOa ft.of rd. 
2.2 grams/lOa ft.of rd. 
8.8 grams/lOa ft.of rd. 
1.1 grams/IOO ft.of rd. 
Table 12. Production units changes, U factor, values for land uses 
between 1972 and 1980 
Land Use Calculated Value Adjusted Value* 
Summer homes 2.51 X 105 peo-days 2.06 X 105 peo-days 
Recreation 2.54 X 105 peo-days 1.39 X 105 peo-days 
Urban areas 4.53 X 105 peo-days 4.52 X 105 peo-days 
Agriculture 
-8.74 X 103 -8.74 X 103 Grazing cattle-days cattle-days 
Urban runoff 3 3 Residential 6.59 X 102 sections of rd. 6.59 X 102 sec. of rd. Commercial 4.87 X 10 sections of rd. 4.87 X 10 sec. of rd. 
*The adjusted value accounts for differences in values of K as discussed 
in the text. 
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The U factor or net change in land use unit factors are determined 
from the land use change descriptions discussed in Chapter II of this 
report. The Units for each U factor for each land use are defined by 
the P factors. For example, the U factor for summer homes would be 
in people-days, and the U factor units for urban runoff are 100 foot 
sections of road. 
The U factor for summer homes is equal to the change in summer 
home occupants multiplied by the average number of days that summer homes 
are occupied. Information describing summer home occupation does not 
exist for the Bear Lake Valley. Thus, it will be assumed that the period 
of summer home occupation is identical to the period of recreational 
use. Riley (1966) describes the period of recreational use in the 
valley to be from June 1 to September 1, a period of 92 days, and an 
additional period of 10 days during the Cisco run. Thus, it will be 
assumed that the period of summer home occupation is 102 days. The 
expected increase of 2,466 summer home occupants (Chapter II) multiplied 
by 102 days makes the U factor for summer homes equal to 251,532 
people days. 
The value for recreation is the increase in the number of recrea-
tionalists multiplied by the average length of stay. Riley (1966) re-
ports that 42.6 percent of the non-local recreationalists visiting the 
valley stay in the valley, outside of their car, an average of 0.063 
days. Local recreationalists are reported to stay in the valley 1.90 
days. The expected increase in non-local recreationalists is 220,830 
people and the expected increase in local users is 126,800 people (Chap-
ter II). Thus, the U factor value for recreation is 254,000 people-days. 
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The U factor value for urban areas is the increase in resident 
population, reported as 1,240 people in Chapter II, multiplied by length 
of residency. Assuming all residents live in the valley year round, the 
length of residency is 365 days. Thus, the U value for urban use is 
452,600 people-days. 
By the year 1980 approximately 1,074 acres of multiple use lands 
will be replaced by other land uses as described in Chapter II. It 
is assumed that the grazing rights on these lands will be lost. The 
average grazing period on multiple use lands, on the east side of Bear 
Lake, is 141 days. The average carrying capacity of these lands is one 
cow per every 16 acres of land (Everheart, 1973). Thus, the loss of 
1,074 acres of land will result in lost grazing rights for 62 head of 
cattle for 141 days. Therefore, the U value for grazing lands is equal 
to -8,742 cattle-days. Because the number of livestock in the valley 
is not expected to decrease by the year 1980 (Johnson, 1973), it will 
be assumed that cattle maintained on private grazing lands that are 
to be replaced will either be moved to irrigated pasture lands or to 
other areas of the valley. Thus, it is assumed that the lost grazing 
rights mentioned above will reduce the number of cattle shipped into 
the valley from other parts of Rich or Bear Lake Counties. 
There exists approximately 1,392 linear feet of road for every 
acre of commercial and residential development in the Bear Lake Valley. 
This figure was determined by measuring the linear feet of roads and 
the acreage of commercial and residential development on maps provided 
by Planning Research and Associates (1972), Bear Lake County Recorder 
Office (1972) and Sweetwater, Inc. (1972). The expected increase in 
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residential area reported in Chapter II is 452 acres. This increase in 
residential area will increase the amount of linear feet of road con-
tained in residential areas by 659,184 linear feet. Since P factors 
for urban runoff are expressed in units of 100 feet of road, the U 
factor for urban runoff is 6,592 sections of 100 linear feet of road. 
The increase in resort and service areas is reported to be 35 acres 
in Chapter II. Thus, the U factor value for commercial areas will equal 
487 sections of 100 linear feet of road. The roads in the Bear Lake 
Valley do not have curbs and gutters. No information predicting a change 
in this situation can be located. Thus, P factors for undeveloped 
drainage systems will be used. 
The K factor or nutrient removal coefficient represents the amount 
of nutrient remaining in effluents after treatment by a sewage system, 
soil action or orther effluent treatment process. It is assumed that 
the efficiency of removing nutrients by each of the above treatment 
processes is the same for both nitrogen and phosphorus. However, Fuller 
et al. (1971) state that some of the soils in the Bear Lake Valley 
may be capable of removing almost all of the phosphorus in waste efflu-
ents. In general, phosphorus removal by soils is extensive, while the 
removal of nitrogenous wastes is not very extensive (State of California 
Department of Water Resources, 1971). 
In the Bear Lake Valley the K values are a function of sewage 
system type and soils. In the areas where septic tanks and drainfields 
are used, K values were determined on the basis of soil limitations 
for septic tanks and drainfields as determined by the offices of the 
Rich County Soil Conservation District and the Bear Lake County Soil 
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Conservation District. According to Fuller et ale (1971) septic tank 
and drainfields are constructed in the Bear Lake Valley with little or 
no regard for the soil limitations for these systems. Thus, it will 
be assumed that septic tanks and drainfields are constructed for the 
optimum soil conditions. Given this standard and consistent septic 
tank and drainfield construction, it will be assumed that on soils 
where slight to moderate limitations exist these systems will produce 
no effluents. However, on soils of moderate limitations it will be 
assumed that septic tanks and drainfields are only 75 to 50 percent 
effective in removing nutrients. On areas of severe limitations these 
systems will be assumed to be only 50 to 25 percent effective in re-
moving nutrients (Figure 8). 
Values of K factors for the Sweetwater Development will equal zero 
since the Sweetwater sewage treatment system is essentially 100 percent 
effective in removing nutrient as discussed in Chapter II of this report. 
No studies exist describing how many summer homes will be built in 
the Sweetwater development as opposed to other areas of the valley. 
Also, no data is available allowing determination of how many recrea-
tionalists will use Sweetwater facilities. On the basis of comparative 
size of the Sweetwater development it will be assumed that a little 
less than one-fifth, or 18 percent, of the recreationalists and summer 
home buyers will choose Sweetwater facilities. Therefore, U factors 
for recreation and summer homes will be reduced by 18 percent before 
being multiplied by the other K factors. 
As discussed in Chapter II of this report, the Idaho State Parks 
in the valley wiil serve approximately two-thirds of the recreationalists 
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visiting the valley. It was also stated in Chapter II that the sealed 
vault toilet system of waste removal used by the Idaho Parks Department 
is nearly 100 percent effective except on the holiday weekends of July 
4th and 24th and Labor Day. On these three holiday weekends the 
sealed vault toilets are almost totally ineffective in preventing 
wastes from reaching Bear Lake. Thus, the K factor value for two-
thirds of the recreationa1ists in the valley is zero, except for those 
recreationa1ists visiting the valley on one of the above holidays. 
On holidays the K factor value is 1.0. To adjust to the variances in 
K factor values, the total U factor value for recreationalists will 
be reduced by two-thirds. To adjust for the holiday wastes, a new 
U value for holiday wastes will be calculated and multiplied by a 
K factor value of one. Since the average number of people in Bear 
Lake State Park on the above holidays is 4,500 (Fuller et a1., 1971) 
the U factor for holiday recreation will equal 40,500 people-days. 
Since the rest of the recreational facilities in the valley use septic 
tanks the K factor for the remaining recreational U value will be 
determined for septic tank and drainfields as previously described. 
The K factor value for grazing lands has been measured in other 
areas to range between 0.26 to 0.65 (State of California Department 
of Water Resources, 1971). Thus, the maximum value of 0.65, the mini-
mum value of 0.26 and a mean value of 0.45 will be used to calculate 
corresponding (P U K) values for grazing. 
The K factor values for urban runoff are equal to 1.0 due to the 
fact that K values are included in making distinctions between developed 
and undeveloped drainage systems. Developed systems, composed of curbs, 
Table 13. The nutrient removal coefficients or K factor values for 
land uses in the Bear Lake Valley 
Land Use K Factor Value 
Summer homes 
maximum 
minimum 
mean 
Recreation 
Annual value 
maximum 
minimum 
mean 
Holiday value 
Urban areas 
maximum 
minimum 
mean 
Grazing 
maximum 
minimum 
mean 
Urban runoff 
0.75 
0.25 
0.50 
0.50 
0.25 
0.38 
1.0 
0.75 
0.25 
0.50 
0.65 
0.26 
0.45 
1.0 
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gutters and underground pipes, cause direct inflow of pollutants into 
lakes, while undeveloped systems have reactions with soils tending to 
reduce the amount of pollutants finally reaching the lake (American 
Public Works Association, 1969). 
The Ni values or nutrients added to the lake due to inflow is 
equal to the volume of water flowing into the lake multiplied by the 
concentration of nitrogen or phosphorus in the inf10wing water. The 
mean volume of water flowing into Bear Lake each year is 2.694 X 1011 
liters computed from figures reported by Utah Power and Light (1971). 
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The concentration of nitrogen in inf10wing water is 3.71 mg/1 reported 
as elemental nitrogen (N). The concentration of phosphorus in inf10w-
ing waters is 0.021 mg/1 reported as soluab1e phosphate (P04) (Nyquist, 
8 1967). Thus, the Ni value for nitrogen is 9.96 X 10 grams of nitrogen. 
6 The Ni value for phosphorus is 5.65 X 10 grams of phosphorus (P04). 
The N factor or nutrients lost due to outflow is equal to C 
o e 
multiplied by the total outflow. The total outflow is equal to the total 
inflow (Utah Power and Light, 1971). It will be assumed that evapora-
tion causes the nutrient concentration of the outf10wing water to 
increase so that the percent of the nutrients lost due to outflow is 
equal to the percentage of total lake water volume lost as outflow 
including evaporation. 
The volume factor, V, as used by the State of California Water 
Resource Department assumes a totally mixed lake. Thus, the V factor 
12 
value for Bear Lake will equal 9.22 X 10 liters. 
The C factor is the concentration of a nutrient in Bear Lake 
e 
for the previous year. The C value for the base year (1972) is 0.43 mg/1 
e 
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of nitrogen and 0.01 mg/l of phosphorus (P04) (Ralston and Hopson, 1972; 
Nyquist, 1967). Because (P UK) factors can only be calculated for 
1972 and 1980, it is impossible to calculate C values, and, therefore, 
C values for the years 1973 through 1979 unless the rate of change 
e 
between 1972 and 1980 is assumed to occur linearly. When the rate of 
nutrient concentration change occurs linearly (P U K) factors for 1973 
through 1979 can be calculated by the following equation: 
where 
(P U K)1980 - (P U K)1972 
(P U K)X = Y (Yx) 
(P U K)X = the (P U K) value for year X 
(P U K)1980 = the (P U K) value for 1980 
(P U K)1972 = the (P U K) value for 1972 
(6) 
Y = the number of years between 1972 and 1980, equal to eight years 
Yx = the number of years from 1972 to year X. 
Since the (P U K) value for 1972 is zero, because 1972 is the 
base year, equation (6) reduces to the following: 
(7) 
Because it was possible only to obtain ranges of values for the 
K factors, it was necessary to calculate nutrient additions to Bear 
Lake,(P U K) factors, caused by land use changes for maximum, minimum 
and mean values. The calculations of the (P U K) factors for nitrogen 
are illustrated in Table 14. The (P U K) value calculations for phos-
phorus are illustrated in Table 15. 
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Table 14. Calculations for (P U K) factors for nitrogen for the year 
1980 
Land Use 
Summer homes 
maximum 
minimum 
mean 
Recreation 
maximum 
minimum 
mean 
Holiday 
Urban areas 
maximum 
minimum 
mean 
Agriculture 
Grazing 
maximum 
minimum 
mean 
Wintering 
cattle 
sheep 
Urban runoff 
P 
(grams/U) 
94 
94 
94 
94 
94 
94 
94 
94 
94 
94 
~ 
730 
730 
730 
areas* 
730 
340 
Residential 26 
Commercial 132 
Total 
maximum 
minimum 
mean 
U 
5 2.06 X 105 people-days 2.06 X 105 people-days 2.06 X 10 people-days 
5 1.39 X 105 people-days 1. 39 X 105 people-days 1.39 X 10 people-days 
4.05 X 104 people-days 
5 4.52 X 105 people-days 4.52 X 105 people-days 4.52 X 10 people-days 
3 
-8.74 X 103 cattle-days 
-8.74 X 103 cattle-days 
-8.74 X 10 cattle-days 
2 6.52 X 101 section of 4.87 X 10 section of 
Total without wintering area relocation 
maximum 
minimum 
mean 
rd. 
rd. 
*See Table 16 and discussion of Table 16 in text. 
K 
0.75 
0.25 
0.50 
0.50 
0.25 
0.38 
1.0 
0.75 
0.25 
0.50 
0.65 
0.26 
0.45 
1.0 
1.0 
(P U K) 
(grams) 
7 1.45 X 106 4.84 X 106 9.68 X 10 
6 6.65 X 106 3.27 X 106 4.96 X 10 
3.90 X 106 
6 3.19 X 106 1.06 X 106 2.12 X 10 
6 
-4.14 X 106 
-1. 66 X 106 
-2.86 X 10 
7 
-1.09 X 104 
-3.82 X 10 
4 1. 74 X 103 6.43 X 10 
7 1.69 X 106 1.60 X 106 9.08 X 10 
7 2.82 X 107 1.86 X 107 2.07 X 10 
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Table 15. Calculations for (P U K) factors for phosphorus for the 
year 1980 
Land Use 
Sununer homes 
maximum 
minimum 
mean 
Recreation 
Annual 
maximum 
minimum 
mean 
Holiday 
Urban areas 
maximum 
minimum 
mean 
Agriculture 
Grazing 
maximum 
minimum 
mean 
P 
(grams/U) 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
24.0 
2,4.0 
24.0 
Wintering areas* 
cattle 24.0 
sheep 11.0 
Urban runoff 
Residential 
Commercial 
Total 
maximum 
minimum 
mean 
1.1 
8.8 
U 
5 2.06 X 105 people-days 
2.06 X 105 people-days 
2.06 X 10 people-days 
5 1.39 X 105 people-days 
1.39 105 people-days 1.39 X 10 people-days 
4.05 X 104 people-days 
5 4.52 X 105 people-days 
4.52 X 105 people-days 4.52 X 10 people-days 
3 8.74 X 103 cattle-days 8.74 X 103 cattle-days 8.74 X 10 cattle-days 
3 6.59 X 102 section of rd. 4.87 X 10 section of rd. 
Total without relocation or wintering areas 
maximum 
Minimum 
mean 
*See Table 16 and discussion of Table 16 in text. 
K 
0.75 
0.25 
0.50 
0.50 
0.25 
0.38 
1.0 
0.75 
0.25 
0.50 
0.65 
0.26 
0.45 
1.0 
1.0 
(P U K) 
(grams) 
3.52 X 10: 
1.17 X 104 2.34 X 10 
4 1.25 X 103 6.25 X 103 9.54 X 10 
7.30 X 104 
5 6.11 X 105 2.04 X 105 4.08 X 10 
5 
-1.36 X 104 
-5.50 X 104 
-9.50 X 10 
6 
-3.59 X 10 3 
-3.88 X 10 
3 7.25 X 103 4.27 X 10 
6 
-2.94 X 106 
-3.33 X 106 
-3.20 X 10 
5 7.42 X 105 3.06 X 105 5.20 X 10 
As stated in Chapter II of this report it is expected that the 
livestock wintering areas in the Bear Lake Valley will be moved off 
of the valley floor to areas more distant from the lake and water 
courses flowing into the lake. The ultimate effect of the relocation 
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of livestock wintering areas on the nutrient balance of the valley will 
be represented by a change in the K factor for livestock wintering 
areas. By moving these areas away from the lake and other water courses 
it will allow more time for the animal wastes to react with soils 
before entering a water body. However, since K factors are constants 
in equation (5), it will be necessary to calculate the (P U K) value 
for livestock wintering areas in a slightly different manner. In 
this instance, U values will be made constant and K values will re-
present the amount of change in nutrient additions to Bear Lake. 
The number of cattle wintered in the Bear Lake Valley was deter-
mined from records in the Rich County Treasurer's Office for Rich 
County, Utah, and by field counts for Bear Lake County, Idaho. The 
total number of cattle in the winter of 1972-1973 wintered in the valley 
was 7,103 cattle. The total number of sheep wintered in the valley 
was determined from records from the Bear Lake County Agricultural 
Agent's Office for Bear Lake County and from the Rich County Treasurer's 
Office for Rich County. The total number of sheep numbered 807 for 
the winter of 1972-1973. According to Johnson (1973) livestock are 
wintered in the valley for a period of approximately 136 days from 
December 1 to April 15 of every year. Thus, the adjusted U value for 
livestock wintering areas will equal 966,008 cattle-days and 29,052 
sheep-days. 
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The K value for livestock wintering areas is assumed to be 0.65. 
The K factor value of 0.65 as previously discussed represents the highest 
amount of nutrient residual left in livestock effluents after reaction 
with soils. The purpose of relocating livestock wintering areas is 
to decrease the K value. It will be assumed that the relocation of 
livestock wintering areas will reduce the K value to the mean value 
for grazing lands equal to 0.50 (State of California Department of 
Water Resources, 1971). Thus, the net change in the K value will be 
a -0.15. With these adjustments in U and K factors the (P U K) factor 
for livestock wintering areas can be determined using the P factors 
from Table 11. Calculation for the (P U K) factor for livestock 
wintering areas is illustrated in Table 16. 
Table 16. Calculation of the (P U K) factor for livestock wintering 
areas 
P U K (P U K) 
Nutrient (grams/U) (grams) 
Nitrogen 7 
cattle 730 996,008 cattle-days -0.15 
-1.09 X 105 
sheep 340 29,052 sheep-days -0.15 -3.82 X 10 
Phosphorus 
-3.59 X 106 cattle 24.0 996,008 cattle-days -0.15 
sheep 8.8 29,052 sheep-days -0.15 -3.88 X 104 
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When the (P U K) values for the relocation of livestock wintering 
areas are included in the summation of (P U K) for phosphorus a net 
decrease in the amount of phosphorus added to the lake occurs. Because 
of the small (P U K) factor values for nitrogen and phosphorus as com-
pared to the 9.22 X 1012 liter volume of Bear Lake the contribution of 
nitrogen and phosphorus to the concentration of these elements in a 
totally mixed Bear. Lake is negligible. 
According to studies by Symons et al. (1964) and Stone (1973) 
nutrients can be concentrated into hot spots or small pocket areas 
of high concentrations. According to Fuller et al. (1971) in Bear 
Lake these hot spots tend to occur near the areas where pollutants 
enter the lake, especially at the mouths of streams, during the period 
of lake stratification. Bear Lake is usually stratified from mid-
July through September for a total period of approximately 76 days during 
the summer months (Nyquist, 1967). 
Since the period of pocket concentrations of nutrients are likely 
to occur over a period of only 76 day~nutrient changes due to inflow 
and outflow will be assumed to be negligible. Because the lake is 
totally mixed once a year (Nyquist, 1967) nutrient concentrations will 
not accumulate from year to year. Thus, Ni and No values will drop out. 
The C value will become a constant equal to the existing concentration 
e 
of nitrogen and phosphorus of 0.43 mg/l and 0.01 mg/l respectively. 
Also, the nutrient balance equation (5) simplifies to the following 
equation: 
C = L(P U K) + C 
V e (8) 
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The (P U K) value for each land use is dependent upon the time of 
year that nutrient wastes are produced and the time period (D factor), in 
days, that nutrients are produced. This assumes that due to the close 
proximity of the land uses to the lake that nutrient production and 
nutrient additions to the lake will occur almost simultaneously. Be-
cause urban runoff and livestock wintering areas are sources of 
nutrients during the period before the lake is stratified, the (P U K) 
values for these land uses will be assumed to be insignificant. Thus, 
the following concentration modifications of nutrients are likely to 
occur in shore areas even if livestock wintering areas are not re-
located. As previously reported in this chapter, the grazing period 
in the study area is 141 days. The periods for recreational activity 
and summer home occupancy were reported as 102 days in duration. Both 
of these land use periods overlap the 76 day lake stratification period. 
All 76 days occur simultaneously with grazing, recreation and summer 
home occupancy. Thus, the (P U K) values for these land uses during 
the period of lake stratification will be the (P U K) values for each 
land use from Table 11 and 14 multiplied by 76/D. The D factor for 
grazing is 141 days. Recreation and summer homes have a D value of 
102 days. The (P U K) adjustments for the period of lake stratification 
are illustrated in Tables 17 and 18. The holiday recreation (P U K) 
value will remain unchanged because all of the holidays occur during 
the period of lake stratification. Pollutants are produced in urban 
areas throughout the year at a rate assumed to be linear. Thus, the 
(P U K) value for urban areas during lake stratification will be the 
(P U K) value for urban areas in Table 14 multiplied by 76/365. 
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Table 17. (P U K) value adjustments for the period of lake strati-
fication for nitrogen in the year 1980 
Land Use (P U K)l D 76/D Adj. (P U K) 
(grams) (days) (days/days) (grams) 
Suuuner homes 7 7 
maximum 1.45 X 106 102 .74 1.07 X 106 
minimum 4.84 X 106 102 .74 3.57 X 106 
mean 9.68 X 10 102 .74 7.15 X 10 
Recreation 
annual 6 6 
maximum 6.65 X 106 102 .74 4.91 X 106 
minimum 3.27 X 106 102 .74 2.42 X 106 
mean 4.96 X 10 102 .74 3.67 X 10 
Holiday 3.90 X 106 3.90 X 106 
Urban areas 6 5 
maximu'll 3.19 X 106 365 .21 6.70 X 105 
minimum 1.06 X 106 365 .21 2.22 X 105 
mean 2.12 X 10 365 .21 4.45 X 10 
Grazing 6 6 
maximum -4.14 X 106 141 .54 -2.23 X 105 
minimum -1. 66 X 106 141 .54 -8.96 X 106 
mean -2.86 X 10 141 .54 -1.54 X 10 
Total 7 
maximum 1.80 X 106 
minimum 9.21 X 107 
mean 1.36 X 10 
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Table 18. (P U K) value adjustments for the period of lake strati-
fication for phosphorus in the year 1980 
Land Use (P U K)l D 76/D Adj. (P U K) 
(grams) (days) (days/days) (grams) 
Summer homes 4 4 
maximum 3.54 X 104 102 .74 2.60 X 103 
minimum 1.17 X 104 102 .74 8.67 X 104 
mean 2.34 X 10 102 .74 1. 73 X 10 
Recreation 
Annual 4 3 
maximum 1.25 X 103 102 .74 9.25 X 103 
minimum 6.25 X 103 102 .74 4.61 X 103 
mean 9.54 X 10 102 .74 7.05 X 10 
Holiday 7.30 X 104 7.30 X 104 
Urban areas 5 5 
maximum 6.11 X 105 365 .21 1.28 X 104 minimum 2.04 X 105 365 .21 4.29 X 104 mean 4.08 X 10 365 .21 8.66 X 10 
Grazing 5 4 
maximum -1.36 X 104 141 .54 -7.34 X 104 minimum -5.50 X 104 141 .54 -2.97 X 104 mean -9.50 X 10 141 .54 -5.13 X 10 
Total 5 maximum 1. 63 X 105 minimum 1.02 X 105 mean 1.35 X 10 
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It will be assumed that nutrients will disperse themselves up 
to 300 feet from the point where they enter the lake (Porcella et al., 
1971; Stone, 1973; Fuller et al., 1971). The point of entry of nutrients 
into the lake will be assumed to be along the total length of the Bear 
Lake's shoreline. From measurements of the bottom configuration of 
Bear Lake developed by Smart (1958) the water volume of this area is 
7 7 
equal to 2.316 X 10 liters. Thus, V is equal to 2.316 X 10 liters. 
Again, as in the calculations for nutrient concentrations in 
the totally mixed lake, the rate of (P U K) factor increases from year 
to year will be assumed to occur linearly and will be represented by 
equation (7). 
The calculations for nutrient concentrations caused by the concen-
tration of nutrients along the shore areas of Bear Lake are illustrated 
in Table 19 and 20. In the year 1973 extensive algal blooms can be 
expected to occur along the shoreline of Bear Lake. Both nitrogen and 
phosphorus concentrations along the shore are expected to surpass 
limiting concentrations for algal blooms during the summer of 1973. 
Thus, at the present time nutrients added into Bear Lake along the 
shoreline during the period of lake stratification can be expected to 
change the water quality of Bear Lake at least by the year 1980. 
Still, one more lake mixing condition needs to be considered. 
A comparison of the studies by Nyquist (1967) and Nunan (1972) point 
out the possibility that nutrients added to Bear Lake during the period 
of lake stratification may be totally mixed in the volume of the lake 
above the thermocline. The stabilized depth of the epilimnion, the 
volume of the lake above the thermocline, is 35 to 40 feet with a mean 
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Table 19. Calculation of nitrogen concentrations caused by concentra-
tions of nutrients along the shore areas of Bear Lake 
Year Adj. (P U K) V C C 
(grams) (liters) (mg/I) (mg/l) 
1972 2.242 X 109 0.43 
1973 6 9 
maximum 2.25 X 105 2.242 X 109 0.43 1.43 
minimum 6.05 X 106 2.242 X 109 0.43 0.69 
mean 1.21 X 10 2.242 X 10 0.43 0.97 
1974 6 9 
maximum 4.50 X 106 2.242 X 109 0.43 2.43 
minimum 1.21 X 106 2.242 X 109 0.43 0.97 
mean 2.42 X 10 2.242 X 10 0.43 1.50 
1975 6 9 
maximum 6.75 X 106 2.242 X 109 0.43 3.44 
minimum 1. 82 X 106 2.242 X 109 0.43 1.24 
mean 3.63 X 10 2.242 X 10 0.43 2.04 
1976 6 9 
maximum 9.00 X 106 2.242 X 109 0.43 4.44 
minimum 2.42 X 106 2.242 X 109 0.43 1.50 
mean 4.84 X 10 2.242 X 10 0.43 2.57 
1977 7 9 
maximum 1.12 X 106 2.242 X 109 0.43 5.39 
minimum 3.02 X 106 2.242 X 109 0.43 1.77 
mean 6.05 X 10 2.242 X 10 0.43 3.11 
1978 7 9 
maximum 1.35 X 106 2.242 X 109 0.43 6.44 
minimum 3.63 X 106 2.242 X 109 0.43 2.04 
mean 7.26 X 10 2.242 X 10 0.43 3.66 
1979 7 9 
maximum 1.58 X 106 2.242 X 109 0.43 7.46 
minimum 4.24 X 106 2.242 X 109 0.43 2.31 
mean 8.47 X 10 2.242 X 10 0.43 4.14 
1980 7 9 
maximum 1.80 X 106 2.242 X 109 0.43 8.43 
minimum 4.84 X 106 2.242 X 109 0.43 2.57 
mean 9.68 X 10 2.242 X 10 0.43 4.73 
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Table 2 O. Calculations of phosphorus concentrations caused by 
concentrations of nutrients along the shore areas of Bear Lake 
Year Adj. (P U K) V Ce C (milligrams) (liters) (mg/1) (mg/1) 
1972 2.242 X 109 0.01 
1973 4 9 
maximum 2.04 X 104 2.242 X 109 0.01 0.02 
minimum 1.25 X 104 2.242 X 109 0.01 0.02 
mean 1.69 X 10 2.242 X 10 0.01 0.02 
1974 4 9 
maximum 4.08 X 104 2.242 X 109 0.01 0.03 
minimum 2.50 X 104 2.242 X 109 0.01 0.02 
mean 3.78 X 10 2.242 X 10 0.01 0.02 
1975 4 9 
maximum 6.12 X 104 2.242 X 109 0.01 0.04 
minimum 3.75 X 104 2.242 X 109 0.01 0.02 
mean 5.47 X 10 2.242 X 10 0.01 0.03 
1976 4 9 
maximum 8.16 X 104 2.242 X 109 0.01 0.05 
minimum 5.00 X 104 2.242 X 109 0.01 0.03 
mean 7.16 X 10 2.242 X 10 0.01 0.04 
1977 5 9 
maximum 1.12 X 104 2.242 X 109 0.01 0.06 
minimum 6.25 X 104 2.242 X 109 0.01 0.04 
mean 8.85 X 10 2.242 X 10 0.01 0.05 
1978 5 9 
maximum 1.32 X 104 2.242 X 109 0.01 0.07 
minimum 7.50 X 105 2.242 X 109 0.01 0.05 mean 1.05 X 10 2.242 X 10 0.01 0.06 
1979 5 9 maximum 1.55 X 104 2.242 X 109 0.01 0.08 minimum 8.75 X 105 2.242 X 109 0.01 0.05 mean 1.22 X 10 2.242 X 10 0.01 0.06 
1980 5 9 
maximum 1. 64 X 105 2.242 X 109 0.01 0.08 
minimum 1.02 X 105 2.242 X 109 0.01 0.06 mean 1.35 X 10 2.242 X 10 0.01 0.07 
depth of 36 feet (Nyquist, 1967). If total mixing of the epi1imnion 
does occur, it would change the V factor for the period of lake 
11 
stratification to 1.594 X 10 liters as computed from information 
describing the bottom configuration of Bear Lake reported by Smart 
(1958). Because the epi1imnion only exists during the period of lake 
stratification all other factors computed for shoreline concentrations 
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occuring during lake stratification will remain the same. For the same 
reason equation (8) will be used to calculate the nutrient concentra-
tions for the totally mixed epi1imnion. 
The change in the concentration of phosphorus in the totally 
mixed epi1imnion is negligible due to the large dilution capability 
11 
of the epi1imnion illustrated by the V factor of 1.594 X 10 • While 
the nitrogen concentration of the epi1imnion increases, it does not 
increase enough to surpass the minimum limiting concentration of 
nitrogen for algal bloom production. 
Neither nitrogen or phosphorus concentrations surpass the minimum 
limiting concentrations for algal bloom production in either the condi-
tion of the totally mixed lake or the totally mixed epi1imnion. Thus, 
extensive algal blooms are not expected over the entire lake by the 
year 1980. 
Extensive algal blooms are expected to occur along the shoreline 
of Bear Lake by the year 1980 as a result of nitrogen and phosphorus 
concentrations exceeding the minimum requirements for algal blooms. 
It should be noted that the relocation of livestock wintering areas 
may not be as important as previously thought in the production of 
algal blooms in Bear Lake. However, due to the large P factor values 
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Table 21. Concentrations of nitrogen above the epi1imnion in Bear 
Lake due to changes in land use 
Adj. (P U K) V Ce C 
Year (grams) (liters) (mg/1) (mg/1) 
1972 1.594 X 1011 0.43 
1973 6 11 
maximum 2.25 X 105 1.594 X 1011 0.43 0.44 
minimum 6.05 X 106 1. 594 X 1011 0.43 0.43 
mean 1.21 X 10 1.594 X 10 0.43 0.44 
1974 6 11 
maximum 4.50 X 106 1. 594 X 1011 0.43 0.46 
minimum 1.21 X 106 1.594 X 1011 0.43 0.44 
mean 2.42 X 10 1.594 X 10 0.43 0.44 
1975 6 11 
maximum 6.75 X 106 1.594 X 1011 0.43 0.47 
minimum 1.82 X 106 1.594 X 1011 0.43 0.44 
mean 3.63 X 10 1.594 X 10 0.43 0.45 
1976 
. 6 11 
maximum 9.00 X 106 1. 594 X 1011 0.43 0.49 
minimum 2.4~ X 106 1. 594 X 1011 0.43 0.44 
mean 4.84 X 10 1.594 X 10 0.43 0.46 
1977 7 11 
maximum 1.12 X 106 1.594 X 1011 0.43 0.50 
minimum 3.02 X 106 1.594 X 1011 0.43 0.45 
mean 6.05 X 10 1.594 X 10 0.43 0.47 
1978 7 11 
maximum 1.35 X 106 1.594 X 1011 0.43 0.52 
minimum 3.63 X 106 1.594 X 1011 0.43 0.45 
mean 7.26 X 10 1. 594 X 10 0.43 0.48 
1979 7 11 
maximum 1.58 X 106 1.594 X 1011 0.43 0.54 
minimum 4.24 X 106 1.594 X 1011 0.43 0.46 
mean 8.47 X 10 1.594 X 10 0.43 0.48 
1980 7 11 
maximum 1. 80 X 106 1.594 X 1011 0.43 0.54 
minimum 4.84 X 106 1.594 X 1011 0.43 0.46 
mean 9.68 X 10 1.594 X 10 0.43 0.49 
of livestock wintering areas, relocation of the wintering areas may 
result in large decreases in the amount of nutrients added to Bear 
Lake. Also, any increases in the number of livestock wintered in 
existing wintering areas could affect nutrient concentrations in the 
totally mixed lake. 
Pathogenic organisms 
87 
The United States Department of the Interior (1972) recommends 
that fecal coliform organisms be used as the indicator organism in 
determining the presence of pathogenic organisms. Fecal coliforms are 
recommended as the indicator organism because of the difficulty, and, 
in some cases, the impossibility, of measuring the presence of other 
pathogenic organisms, especially viruses, in water. Fecal coliforms 
are commensal bacteria of the genera Escherichia or Aerobacter that 
live in the intestine of warm blooded animals. Because these bacteria 
do live in the intestines of warm blooded animals they are considered 
to be excellent indicators of contamination of water by human and animal 
wastes. However, it should be noted that fecal coliforms are only 
indicators for pathogenic organisms and thus are not accurate indicators 
for all pathogenic organisms, especially some viruses. Because the die-
off rate of fecal coliforms in water is generally rapid, the presence 
of high concentrations of fecal coliforms in water is evidence of re-
cent contamination. Low concentrations of fecal coliforms are considered 
to be evidence of less recent contamination (United States Department 
of the Interior, 1972). 
Following from the above discussion fecal coliforms will be used 
as the indicator organism for the presence of pathogenic organisms in 
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the waters of Bear Lake. Another reason for selecting fecal co1iforms 
was that fecal coliform production by various land uses is more studied 
than is the production of other organisms. Thus, fecal co1iforms lend 
themselves better to modeling. 
According to Ge1dreich (1966) the concentrations of fecal co1i-
forms in a body of water are dependent upon the temperature of the 
water body. In temperatures of less than 96 0 F. fecal co1iforms will 
not reproduce. In temperatures below 70 0 F. the die-off rate for fecal 
co1iforms is extremely rapid. Klock (1971) found that the die-off 
rates of fecal co1iforms in fresh water systems at temperatures of 77 0 F. 
were logarithmic with die-off rate constants equal to 0.1 to 0.3 of the 
fecal coliform population per day. Thus, if a mass balance approach, 
similar to the approach used for nutrient calculations, is used, 
changes in the concentrations of fecal coliforms due to land use 
changes can be determined. Following from the discussion above, the 
following equation was developed: 
where 
-kt E(P U K) k e C = ~~-~~~-~~----V + C e (9) 
C = the concentration of fecal co1iforms in the lake for any year X 
P = the production of fecal co1iforms per unit of land use for 
each land use 
U the net change in land use units from year zero to year X 
K = the fecal coliform removal coefficient due to sewage treatment 
systems and soil reactions 
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t = the time period in days, that wastes containing fecal coli-
forms are added to the lake 
k = the fecal coliform die-off rate constants with respect to 
temperature as described by Klock (1971) 
e = the log base equal to 2.718 
v = the volume of the lake. 
It will be assumed that the distribution of fecal coliforms in 
Bear Lake is similar to the distribution of nutrients. Thus, the 
conditions of a totally mixed lake, a totally mixed epilimnion and 
pocket concentrations along the shoreline will be considered. 
When the lake is totally mixed coliforms will be distributed 
throughout the lake. During its periods of mixing Bear Lake has 
comparatively low temperatures, 32° F. to 57° F. (Nyquist, 1967). 
Because of these low temperatures fecal coliform die-off rates will 
be extremely rapid (Klock, 1971). Because of the rapid die-off rate 
of fecal coliforms and the large dilution capacity of Bear Lake land 
use changes as projected in Chapter II of this report are not expected 
to significantly change the fecal coliform concentrations in a totally 
mixed Bear Lake by the year 1980. 
During the period of lake stratification fecal coliforms may either 
be totally mixed in the epilimnion or concentrated along shoreline 
areas. Thus, U factors will be equal to the U values reported in 
Table 12 multiplied by 76/D. The V factors will be equal to 2.242 X 109 
11 liters for shoreline areas and 1.594 X 10 for the totally mixed 
epilimnion. The K factor values used for nutrients will be assumed to 
also apply to fecal coliforms (Table 13). 
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Because the lake is only stratified for approximately 76 days (Nyquist, 
1971) t will equal 76 days. Increases in fecal coliform production by 
land uses is assumed to occur linearly. Thus, the (P U K) value for 
fecal coliforms for any given year can be represented by equation (7). 
An additional land use must be considered in the calculation of 
fecal coliform concentrations for Bear Lake. Water contact recreation, 
swimming and water skiing, add fecal coliforms to the water. Hanes 
and Fossa (1970) found that for every 30 minute period an individual 
is in the water an average of 64 fecal coliforms are deposited in the 
water. Thus, the P factor for fecal coliforms is 64 organisms per 
person for every 30 minute period spent in the water. Because no data 
can be located describing the average amount of time spent in the 
water by swimmers and water skiers, it will be assumed that swimmers 
spend 30 minutes in the water per day. Water skiers will be assumed 
to spend an insignificant amount of time in the water since most of 
the time water skiers ride on the surface of the lake. From recreational 
use data reported in Chapter II of this report, it was determined that 
the number of swimmers in the Bear Lake valley is expected to be 18,013 
people in the year 1980. Thus, the U value is 18,013 people-periods. 
Since the fecal coliforms produced by swimming are deposited directly 
into the lake, the K factor will equal 1.0. 
The P factors, fecal coliform production factors, for land uses 
were determined from reports by Hanes and Fossa (1970), Metcalf and 
Eddy Inc. (1972), the United States Environmental Protection Agency 
(1971) and Geldreich (1966). The P factor values from these reports 
are listed in Table 22. The mean temperature of Bear Lake above the 
Table 22. P factors for fecal coliforms 
Land Use P factor value 
Summer homes 
minimum value 
maximum value 
mean value 
Recreation 
Annual 
minimum value 
maximum value 
mean value 
Holiday 
minimum value 
maximum value-
mean value 
Water contact 
Urban areas 
minimum value 
maximum value 
mean value 
Grazing 
(Org./person-period) 
n 2.00 X 1011 
4.00 X 1011 
3.00 X 10 
11 2.00 X 1011 
4.00 X 1011 
3.00 X 10 
11 2.00 X IOn 
4.00 X 1011 
3.00 X 10 
64 
11 2.00 X 1011 
4.00 X IOn 
3.00 X 10 
5.40 X 109 
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thermocline is approximately 74° F. (Nyquist, 1957). Therefore, the k 
values of 0.1 to 0.3 reported by Klock (1971) will apply to Bear Lake. 
The existing concentrations of fecal coliforms, C factor, in 
Bear Lake vary depending on where the samples are taken. The mean 
value for fecal coliform concentrations in areas of Bear Lake along 
the shore was calculated from information reported by Ralston and 
Hopson (1972) to be equal to 2.2 organisms per 100 milliliters of 
water. The concentration toward the middle of the lake was found to 
be 2 organisms per 100 milliliters of water. Thus, 2.2 org/ml will 
be used for shoreline calculations, and 2 org/ml be used for the 
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totally mixing epilimnion. In both the totally mixed epilimnion and 
shoreline conditions minimum and mean values of fecal coliform organisms 
are not significant. However, maximum estimates do significantly affect 
the coliform concentration in both the totally mixed epilimnion and 
shoreline conditions. The effects of fecal coliform additions caused 
by land use change are ten times greater in the shoreline condition 
than in the totally mixed epilimnion condition. Calculations for C 
values, coliform concentrations for a given year, are illustrated in 
Table 24 and 25. The calculations for (P U K) factors are illustrated 
in Table 23. Thus, the data for fecal coliforms reflect that, in general, 
increases in the fecal coliform concentrations IDLy not occur in Bear 
Lake by the year 1980. However, under the right conditions increases 
in fecal coliforms may occur as soon as 1973. Research by Fuller et al. 
(1971) implies that fecal coliform concentrations in Bear Lake are 
expected to increase. Thus, in conclusion, by the year 1980 fecal coli-
form concentrations in Bear Lake can be expected to increase in accord-
ance with the maximum estimates reported in this research. 
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Table 23. The calculations of (P U K) values for co1iforms for the 
year 1980 
Land Use P U K (P U K) 
(org/U) (animal-days) (organisms) 
Summer homes 11 16 
maximum 4.00 X 1011 152,557 .75 4.55 X 1015 
minimum 2.00 X 1011 152,557 .25 7.60 X 1016 
mean 3.00 X 10 152,557 .50 2.28 X 10 
Recreation 
Annual 11 16 
maximum 4.00 X 1011 163,803 .50 3.27 X 1015 
minimum 2.00 X 1011 163,803 .25 8.15 X 1016 
mean 3.00 X 10 163,803 .38 1.81 X 10 
Holiday 11 16 
maximum 4.00 X 1011 40,500 1.0 1.62 X 1015 
minimum 2.00 X 1011 40,500 1.0 8.10 X 1016 
mean 3.00 X 10 40,500 1.0 1.51 X 10 
Water contact 64 18,015 1.0 1.00 X 106 
Urban areas 11 16 
maximum 4.00 X 1011 95,046 0.75 2.85 X 1015 minimum 2.00 X 1011 95,046 0.25 4.76 X 1015 
mean 3.00 X 10 95,046 0.50 1.42 X 10 
Grazing 9 13 
maximum -5.40 X 109 4,492 0.65 1. 57 X 1012 
minimum -5.40 X 109 4,492 0.26 6.29 X 1013 
mean -5.40 X 10 4,492 0.45 1.09 X 10 
Total 17 
maximum 1.23 X 1016 
minimum 2.86 X 1016 
mean 5.94 X 10 
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Table 24. Fecal coliform concentrations in Bear Lake for the condition 
of organism concentration in shore areas 
(P U K) V k t Ce C Year (organisms) (liters) (k/day) (day) (org/lOO m1) 
1972 2.242 X 109 
1973 16 9 
maximum 1. 54 X 1015 2.242 X 109 0.1 76 2.2 5.6 
minimum 3.58 X 1015 2.242 X 109 0.3 76 2.2 2.2 
mean 7.42 X 10 2.242 X 10 0.2 76 2.2 2.2 
1974 16 9 
maximum 3.08 X 1015 2.242 X 109 0.1 76 2.2 9.1 
minimum 7.15 X 1016 2.242 X 109 0.3 76 2.2 2.2 
mean 1.48 X 10 2.242 X 10 0.2 76 2.2 2.2 
1975 16 9 
maximum 4.61 X 1016 2.242 X 109 0.1 76 2.2 12.5 
minimum 1.07 X 1016 2.242 X 109 0.3 76 2.2 2.2 
mean 2.22 X 10 2.242 X 10 0.2 76 2.2 2.2 
1976 16 9 
maximum 6.15 X 1016 2.242 X 109 0.1 76 2.2 15.9 
minimum 1.43 X 1016 2.242 X 109 0.3 76 2.2 2.2 
mean 2.27 X 10 2.242 X 10 0.2 76 2.2 2.2 
1977 17 9 
maximum 1.08 X 1016 2.242 X 109 0.1 76 2.2 26.3 
minimum 1. 79 X 1016 2.242 X 109 0.3 76 2.2 2.2 
mean 3.71X10 2.242 X 10 0.2 76 2.2 2.2 
1978 17 9 
maximum 1.12 X 1016 2.242 X 109 0.1 76 2.2 27.2 
minimum 2.24 X 1016 2.242 X 109 0.3 76 2.2 2.2 
mean 5.20 X 10 2.242 X 10 0.2 76 2.2 2.2 
1979 17 9 
maximum 1.17 X 1016 2.242 X 109 0.1 76 2.2 28.2 
minimum 2.50 X 1016 2.242 X 109 0.3 76 2.2 2.2 
mean 5.20 X 10 2.242 X 10 0.2 76 2.2 2.2 
1980 17 9 
maximum 1.23 X 1016 2.242 X 109 0.1 76 2.2 29.7 
minimum 2.86 X 1016 2.242 X 109 0.3 76 2.2 2.2 
mean 5.94 X 10 2.242 X 10 0.2 76 2.2 2.2 
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Table 25. Fecal coliform concentrations in Bear Lake for the condition 
of a totally mixed epi1imnion 
Year (P U K) V k t Ce C (organisms) (liters) (k/day) (day) (org/100 ml) 
1972 1.594 X lOll 
1973 16 11 
maximum 1. 54 X 1015 1.594 X 1011 0.1 76 2.2 2.7 
minimum 3.58 X 1015 1. 594 X 1011 0.3 76 2.2 2.2 
mean 7.42 X 10 1.594 X 10 0.2 76 2.2 2.2 
1974 16 11 
maximum 3.08 X 1015 1. 594 X 1011 0.1 76 2.2 3.2 
minimum 7.15 X 1016 1.594 X 1011 0.3 76 2.2 2.2 
mean 1.48 X 10 1.594 X 10 0.2 76 2.2 2.2 
1975 16 11 
maximum 4.61 X 1016 1.594 X 1011 0.1 76 2.2 3.6 
minimum 1. 07 X 1016 1.594 X 1011 0.3 76 2.2 2.2 
mean 2.22 X 10 1.594 X 10 0.2 76 2.2 2.2 
1976 16 11 
maximum 6.15 X 1016 1. 594 X 1011 0.1 76 2.2 4.1 
minimum 1. 43 X 1016 1. 594 X 1011 0.3 76 2.2 2.2 
mean 2.27 X 10 1.594 X 10 0.2 76 2.2 2.2 
1977 17 11 
maximum 1.08 X 1016 1.594 X 1011 0.1 76 2.2 5.6 
minimum 1. 79 X 1016 1.594 X 1011 0.3 76 2.2 2.2 
mean 3.71X10 1.594 X 10 0.2 76 2.2 2.2 
1978 17 11 
maximum 1.12 X 1016 1.594 X 1011 0.1 76 2.2 5.7 
minimum 2.24 X 1016 1.594 X l0ll 0.3 76 2.2 2.2 
mean 5.20 X 10 1.594 X 10 0.2 76 2.2 2.2 
1979 17 11 
maximum 1.17 X 1016 1.594 X 1011 0.1 76 2.2 5.9 
minimum 2.50 X 1016 1.594 X 1011 0.3 76 2.2 2.2 
mean 5.20 X 10 1.594 X 10 0.2 76 2.2 2.2 
1980 17 11 
maximum 1.23 X 1016 1.594 X 1011 0.1 76 2.2 6.1 
minimum 2.86 X 1016 1.594 X 1011 0.3 76 2.2 2.2 
mean 5.94 X 10 1.594 X 10 0.2 76 2.2 2.2 
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Biodegradable organic material 
Biodegradable organic matter in lakes and reservoirs requires oxygen 
to be decomposed by bacteria organisms. The amount of oxygen needed 
to biologically decompose a given amount of organic material is referred 
to as the biological oxygen demand (BOD). When biochemical reactions 
involving organisms occur in a body of water the BOD is a measure of 
how much dissolved oxygen (DO) will be consumed by the organisms and 
reactions. Thus, BOD is a factor affecting the DO concentrations of 
lakes and reservoirs (Hardenbergh et al., 1966). A suggested theoretical 
formula for cell protoplasm produced from skim milk and accepted as 
a typical reaction with human and animal waste materials (Porges et 
al., 1956) is listed below: 
a CH20 + CaH12N203 + 602 
(BOD) (protoplasm) 
O'Connel and Thomas (1965) state that the above reaction's effect on 
the DO concentrations in streams can be represented by the following 
equation: 
where 
D 
c 
(10) 
D = the oxygen deficit at time t caused by increased BOD loading 
c 
Kl = the deoxygenation rate, usually assumed to equal 0.1 
(Hardenbergh et al., 1966) 
K2 = the reoxygenation rate, usually assumed to be equal to 0.1 
to 0.15 when Kl = 0.1 (Fair and Geyer, 1965) 
L the change in the ultimate BOD concentration of the lake 
t = the time in days 
e = the log base equal to 2.718. 
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A review of the literature discovered no other model for BOD effects 
on DO in lakes so it will be assumed that the above equation (10) 
also applies to lakes. 
O'Connel and Thomas (1965) further state that the DO concentration 
(DO) is equal to the existing DO concentration (DO ) minus the total 
e 
oxygen deficit (D) where the total oxygen deficit is represented by 
the following equation: 
where 
(11) 
D = the total oxygen deficit 
D = the oxygen deficit at time t caused by increased BOD loading 
c 
t = the time period in days 
D = the oxygen deficit due to changes in oxygen production by algae 
a 
D = oxygen deficit change due to changes in existing DO concentrations. 
e 
When D and D equal zero the DO concentration can be expressed by the 
a e 
following equation: 
DO=DO -D 
e c 
(12) 
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In the situations of the totally mixed lake and the totally mixed 
epi1irnnion it will be assumed, for the sake of model simplicity, that 
no changes affecting DO concentrations other than BOD loading, caused 
by land use changes, are occurring. Thus, D and D will equal zero. 
a e 
In the situation where organic materials are concentrated along the 
shoreline threatened increases in algal populations, as previously 
discussed, may affect the oxygen production of algae. A review of 
the literature could not locate a model for predicting changes in algal 
populations due to changes in nutrient concentrations. Thus, due to 
lack of a model, DO concentrations for shoreline areas will not be 
estimated in this report. 
Following from the nutrient balance discussion for nutrients, the 
L factor, or the change in the ultimate BOD concentration due to land 
use changes can be expressed by the following equation, as described 
for equation (5): 
(P U K) 
V 
In the case of the totally mixed lake U values will equal those in 
(13) 
Table 12. It will be assumed that the percentage of organic material 
removed by sewage treatment systems and soils will be equal to the per-
cent of nutrient removed by these systems. Thus, K factors will be equal 
to those reported in Table 13. The value of V will equal the total volume 
12 
of Bear Lake equal to 9.22 X 10 liters. The values of the P factors 
for BOD were borrowed from the literature (United States Environmental 
Protection Agency, 1971; American Public Works Association, 1969; Metcalf 
and Eddy Inc., 1972). The values for P factors are listed in Table 26. 
Table 26. The values of P factors for BOD production 
Land Use P Factor Value 
Summer homes 
Recreation 
Urban areas 
Agriculture 
cattle 
sheep 
380 grams/people-days 
380 grams/people-days 
380 grams/people-days 
2,200 grams/cattle-days 
968 grams/sheep-days 
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Urban runoff (undeveloped) 
commercial 
residential 
9.4 grams/IOO ft. section road 
10.1 grams/IOO ft. section road 
Calculations for (P U K) factors, or L factors, for land uses for 
the totally mixed lake for the year 1980 are illustrated in Table 27. 
However, because of the relatively small value of the L factors, as 
compared to the large value of V, BOD changes in the totally mixed lake 
caused by land use changes are insignificant. Following from previous 
discussion describing the nutrient balance considerations for the period 
of lake stratification, equation (7) will be used to calculate L for 
the condition of a totally mixed epilimnion. The U values will equal 
U values from Table 12 multiplied by 76/D. The V factor value will 
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equal 1.594 X 10 liters. However, once again due to the large dilu-
tion capacity of the epilimnion L factors become insignificant. Thus, 
BOD loading by land use changes, as projected in Chapter II of this re-
port, are not expected to have significant effects on the DO of concen-
tration of Bear Lake by 1980 for either the condition of the totally 
mixed lake or the totally mixed epi1imnion. 
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Table 27. The calculations of BOD, or L factor, values for land uses 
for the year 1980 
Land Use P U K V L 
(grams/U) (animal-days) (Liters) (mg/l) 
Summer homes 5 12 
maximum 380 2.06 X 105 0.75 9.22 X 1012 0.065 
minimum 380 2.06 X 105 0.25 9.22 X 1012 0.022 
mean 380 2.06 X 10 0.50 9.22 X 10 0.043 
Recreation 
Annual 5 12 
maximum 380 2.21 X 105 0.50 9.22 X 1012 0.004 
minimum 380 2.21 X 105 0.25 9.22 X 1012 0.002 
mean 380 2.21 X 10 0.38 9.22 X 10 0.003 
Holiday 380 4.05 X 104 1.0 9.22 X 1012 0.015 
Urban areas 5 12 
maximum 380 4.52 X 105 0.75 9.22 X 1012 0.139 
minimum 380 4.52 X 105 0.25 9.22 X 1012 0.046 
mean 380 4.52 X 10 0.50 9.22 X 10 0.092 
Agriculture 
Grazing 3 12 
maximum 2,200 -8.74 X 103 0.65 9.22 X 1012 -0.012 
minimum 2,200 -8.74 X 103 0.26 9.22 X 1012 -0.005 
mean 2,200 -8.74 X 10 0.45 9.22 X 10 -0.008 
Wintering areas* 
cattle 2,200 9.22 X 10 -0.35* 
sheep 968 9.22 X 10 -0.005* 
Urban runoff 
X 103 12 Residential 9.4 6.59 1.0 9.22 X 1012 0.000 Commercial 10.1 4.87 X 102 1.0 9.22 X 10 0.000 
Total 
maximum 0.157 
minimum 0.013 
mean 0.091 
*See Table 16 and discussion of Table 16 in text. 
Litter 
Litter affects the water quality of lakes and reservoirs by in-
creasing floatable solids and decreasing the aesthetics of the lake. 
Also, some litter such as pop tops from aluminum cans can be lethal 
to fish (California Department of Public Health, 1962; Jones, 1972). 
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A review of the literature could not locate any data correlating the 
amount of litter to numbers of people, boats or any other factor appli-
cable to modeling. Thus, the only statement that can be made is that 
as numbers of people increase in areas such as the Bear Lake Valley 
the amount of litter usually increases (California Department of Public 
Health, 1962). 
Toxic chemicals 
Chemicals from agriculture, construction, roads, storm water 
runoff and human wastes tend to affect the total dissolved solid, 
nutrient and toxic substance concentrations of water bodies. However, 
according to the United States Department of the Interior (1969) and 
the American Public Works Association (1969) how chemicals act once 
released into the environment is poorly understood. At the present 
time it is very difficult, if not impossible, to estimate how various 
chemicals will react with soils, photochemical and biological factors. 
Thus, it is beyond the scope of this report, as defined in Chapter I, 
to investigate the effects of chemicals on Bear Lake. 
An inventory of changes in chemical use was attempted for the 
study area. However, due to the fact that no licenses, permits or 
other records are maintained for private use of chemicals, it was im-
possible to inventory chemicals used privately in the valley. Chemical 
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applications by government agencies is minor except for road deicing 
materials. However, in both Bear Lake and Rich County a priority 
system is used for applying deicing material to roads. Roads that are 
dangerous due to construction or traffic conditions are salted first. 
Major u.s. and state roads have second priority for deicing salts. 
Major secondary roads are salted next. If there is time, other 
secondary roads are salted. In the Bear Lake Valley other secondary 
roads almost never are salted due to time and traffic considerations 
(Murdock, 1972; Green, 1973). Because all of the road changes, with 
one very minor exception described in Chapter II of this report, are 
concerned with other secondary roads, the road changes to occur by 
1980 are not expected to add significant amounts of deicing salts to 
the waters of Bear Lake. 
Summary 
Because it was necessary to make many broad assumptions to allow 
the development of any estimates at all, the estimates of water 
quality changes developed in this chapter should be looked upon as 
estimates of trends or likely possibilities. This research was not 
intended to resolve what will happen in the Bear Lake Valley by the 
year 1980 but, rather, to isolate impending land use effects on water 
quality and water quality effects on land use. Thus, the purpose of 
this chapter, as defined in Chapter I of this report, is to illustrate 
the mechanics of water quality and land use relationships and to 
estimate the direction of trends of water quality change. 
Because the results obtained for sediments, litter and toxic 
chemicals are inconclusive, they will not be discussed further in 
this report. 
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The results of this research indicate that the land use changes, 
projected in this report, expected to occur by the year 1980 in the Bear 
Lake Valley are not expected to have significant effects on the BOD 
and DO concentrations in Bear Lake in the case of either the totally 
mixed lake or the totally mixed epilimnion. However, it should be 
noted that it was not possible to determine the BOD and DO changes 
for the condition of shoreline concentration of organic materials. 
Thus, significant changes in the DO concentration along the shoreline 
of Bear Lake mayor may not occur by the year 1980. 
Nutrient concentrations in the totally mixed lake are not ex-
pected to be changed by changing land uses in the valley by the year 
1980. Nitrogen concentrations are expected to change in both the 
condition of the totally mixed epilimnion and for shoreline concentra-
tions. However, projected land use changes from Chapter II are only 
· expected to cause extensive algal blooms in the condition where 
nutrients are concentrated along the shoreline. Extensive algal blooms 
may occur by the year 1973 and probably will occur by the year 1980 if 
present land use trends continue. 
Estimates of coliform concentrations are conclusive for the 
condition of the totally mixed lake. Under these conditions no 
changes in the coliform concentrations of Bear Lake are expected to 
occur. In the cases of pocket concentrations along the shore and a 
totally mixed epilimnion the minimum and mean estimates show no significant 
increases in coliform concentrations. However, the maximum estimates 
do show that increases in the coliform concentrations along the shore 
can be expected as early as 1973. Studies by Fuller et al. (1971) 
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tend to substantiate the maximum estimates. Thus, it will be concluded 
that coliform concentration increases indicated by the maximum estimates 
reported in this chapter are likely to occur in Bear Lake by the year 
1980. 
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CHAPTER IV 
IMPACT OF WATER QUALITY CHANGES ON LAND USES 
Introduction 
Despite the current attention given to land use effects on water 
quality, land use and water quality conflicts are not new. In the 
1880's outbreaks of typhoid fever due to waste contamination of drink-
ing water systems were occurring in the United States (Bryan, 1968). 
In 1918 public action was taken to stop a sugar producer from dumping 
wastes into Lake Monona, Wisconsin. This public action resulted in 
a suit being filed in federal court claiming damages to the aesthetic 
and recreational value of the lake. The lawsuit resulted in a study 
that found the wastes discharges had no effect on the algal blooms 
and odors in the lake, and, thus, the case was dismissed. This case 
was a subject of controversy and is believed to be the beginning of 
the emotional politics surrounding water quality (Stewart et al., 1967). 
Other case studies discussed by Stewart et al. (1967) describe many 
situations where changes in land use have resulted in diminished 
value of a lake or other body of water. The most common causes of 
diminished value of the lake is increased costs of maintaining water 
supplies and decreased recreational and aesthetic values. Studies done 
by the State of California Department of Public Health (1961), van 
Hylckama (1971) and Rickert and Spieker (1971) show that decreased 
aesthetic and recreational value and increased water supply costs can 
greatly decrease the economic utility of land uses by either decreasing 
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the marketability of the land uses or by increasing the production 
costs of the land uses. Recent studies on Lake Tahoe in California 
and Nevada describe threats of decreased marketability of resort and 
housing developments in areas where shoreline algal blooms are occurring 
(Tahoe Regional Planning Agency, 1971); Theodore J. Wirth and Associ-
ates, 1971). Studies to be released within the next year on Lake 
Winnipesaukee in New Hampshire describe how water quality changes in 
the lake caused by changes in land use have resulted in lawsuits against 
various public and private institutions filed by private citizen 
groups. These citizen groups are claiming economic damages of reduced 
land values caused by reduced recreational and aesthetic value of Lake 
Winnepesaukee's waters (Toth, 1973). 
Citizens concerned with water quality and land use conflicts 
in the Bear Lake Valley do not need to look to the east or west coast 
for examples of water quality and land use conflicts. The State of 
Idaho is experiencing problems of water quality changes in the Snake 
and lower Couer D'Alene Rivers (Idaho Department of Health, 1967). Not 
60 miles away from Bear Lake in Hyrum, Utah, studies are presently 
being conducted by researchers at Utah State University to try and 
decrease the impacts of nuisance algal blooms on recreation and 
aesthetics of Hyrum Reservoir (Porcella, 1973). Thus, problems of 
water quality changes affecting land uses are not new and are not only 
happening in other areas, but, rather, are a very real problem occurring 
locally as well ' as nationally. 
Following from Chapter III, the projected water quality changes in 
Bear Lake to be considered in this chapter are nutrient concentrations, 
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pathogenic organisms and algal blooms. Nutrient concentrations 
threaten land use utility by causing algal blooms, and high concentra-
tions of nitrogen. Nitrogen (N), in concentrations greater than 
10 mg/l, can react with oxygen in water to form nitrite. Nitrite at 
a concentration of over 45 mg/l can cause methemoglobinemia in people. 
Methemoglobinemia is an illness caused by a reduction in the ability of 
hemoglobin in red blood cells to transport oxygen to the cells of the 
body. Increased concentrations of pathogenic organisms increase the 
probability of water users contracting diseases such as typhoid fever 
and dysentary. Algal blooms are unsightly by their very nature. Also, 
algal blooms have received much publicity as indicators of water pollu-
tion. These two factors cause people to be offended by the presence of 
algal blooms in aesthetic and recreational water bodies. Also, algal 
blooms can change the color and turbidity of lakes, decreasing the 
aesthetic quality of the lake. Thus, by decreasing the aesthetic and 
recreational value of a water body, algal blooms threaten the economic 
utility of land uses dependent upon the aesthetic or recreational proper-
ties of a water body. High concentrations of algae in water may also 
cause objectional color, odor and taste in drinking water. Blue-green 
algae can add toxic substances to water supplies (United States Depart-
ment of the Interior, 1972; State of California Department of Public 
Health, 1961; State of California Department of Water Resources, 1971). 
Due to the increased legal and political confrontations caused 
by increasing problems of water quality and land use, the Federal Water 
Pollution Control Act was passed in 1967. It is the purpose of this 
act to require states to establish and enforce water quality guidelines 
and standards, to establish federal water quality standards for 
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inter-state waters and to supply information to assist states in 
establishing water quality standards. The federal water quality 
standards established by this act are based on the most common types 
of water use. These standards attempt to predict at what concentrations 
water pollutants begin to threaten the quality of individual or group 
activities by diminishing the safety, health or general overall 
quality of people engaging in these activities. When state water quality 
standards for any given land uses are not met the economic utility 
of that land use can decrease due to increased costs in upgrading the 
water supply, closure, decreased marketability or unfavorable publicity 
(United States Department of the Interior, 1972; Rickert and Spieker, 
1971) . 
Table 28. Federal water quality standards for some pollutants 
Water Use 
Contact Rec. 
Aesthetics 
Drinking water 
Fish 
Irrigation 
Livestock 
N 
(mg/l) 
10 
Pollutants 
Fecal Coliforms Algal Blooms 
(org/ml) 
200/100 
2,000/100 
no blooms 
no blooms 
no blue-green 
algae 
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The standards for Utah and Idaho are identical to the federal 
standards except for fecal coliform concentrations. Idaho utilizes 
water from Bear Lake for water contact recreation and drinking water 
at North Beach State Park. Thus, Idaho's maximum concentration of 
fecal coliform for drinking water supplies of 50 or less organisms 
per 100 milliliters of water applies to Bear Lake (Idaho State Depart-
ment of Health, 1968). Idaho's standards for Bear Lake are similar 
to Utah's standards for class A waters. However, Utah, using a scale 
from A to E, classifies the waters of Bear Lake as C waters (Hill, 
1973). Class C waters are described as waters that 
shall be so protected against controllable pollution, 
including heat, as to be suitable at all times for 
domestic water supplies which are treated before use by 
coagulation, sedimentation, filtration, and disinfection. 
Class C waters shall be suitable without treatment for 
irrigation, stock watering, propagation and the perpetu-
ation of fish, other aquatic life, wildlife, recreation 
(except swimming), as a source for industrial supplies 
and for other use as may be determined by the Boards 
(Utah State Department of Health, 1968, p. 5). 
At the present time Bear Lake water quality is considerably higher 
than the minimum requirements of class C waters (Hill, 1973). How-
ever, not only are there discrepencies between the Idaho and Utah 
Standards, but Utah does not classify the waters of Bear Lake in a 
classification that will protect swimming and presumably other water 
contact recreational use of Bear Lake. Utah and Idaho standards for 
Bear Lake for algal blooms and nitrogen and coliform concentrations 
are illustrated in Table 29. These states have no standards for 
phosphorus concentrations. 
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Table 29. Utah and Idaho water quality standards for some pollutants 
Pollutant 
Nitrogen 
as N 
as N03 
Fecal ColHorms 
Algal Blooms 
Phosphorus 
Utah Standard 
10 mg/l 
45 mg/l 
5,000 org/IOO ml 
no blooms 
no standard 
Idaho Standard 
none 
45 mg/l 
50 org/ml 
no blooms 
no standard 
Following from Chapter III it is expected that algal blooms will 
occur along the shore areas of Bear Lake by 1980. If algal blooms do 
occur they will surpass the maximum federal standard for aesthetics and 
contact recreation. If blue-green algal blooms occur they will surpass 
the federal standards for livestock water supplies. While fecal coli-
form concentrations will increase, they are not likely to surpass federal 
or state standards. However, because drinking water for the Idaho North 
Beach State Park is drawn adjacent to the campground, during peak use 
weekends when waste storage systems in the state park are almost totally 
ineffective, concentrati~ns of fecal coliforms may surpass the Idaho 
maximum allowable concentration of fecal coliforms for drinking water 
(Fuller et al., 1971). Except for attributing to the production of 
algal blooms increases in nitrogen and phosphorus are expected to have 
no effects on land use utility. Thus, algal blooms pose the most seri-
ous water quality effect on land uses in the Bear Lake Valley. 
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Effects of Water Quality Changes on Land Use 
Recreation 
Following from Chapter II recreation in the Bear Lake Valley 
includes water contact recreation, resorts and summer homes dependent 
upon the aesthetic quality of the lake and valley. Increases in fecal 
coliform concentrations could increase the cost of supplying drinking 
water to the Idaho State Parks. Thus, decreases in the aesthetic and 
recreational value of Bear Lake due to the presence of algal blooms 
and increases in costs of supplying drinking water to the Idaho state 
parks could very probably damage the economic utility of recreational 
enterprises in the valley. As discussed in Chapter II any decrease in 
recreational revenues could damage the whole growth economy of the 
valley. 
Lands managed by the multiple use concept 
Recreational land uses are some of the multiple uses occurring 
on mUltiple use lands as discussed in Chapter II. Because recreational 
activities on mUltiple use land principally occur on the shore and 
beach areas of Bear Lake, multiple use lands can be adversely affected 
by the presence of algal blooms in the same manner as private recrea-
tional lands as described above. 
Municipalities 
While water quality changes are expected to have no direct effects 
on municipalities, decreased revenue resulting in decreased ·deve1opment 
of the valley could result in a slower rate of economic growth for the 
valley. Previously, as late as 1970, the Bear Lake Valley has decreased 
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in population due to the stagnant economic conditions (Planning Re-
search and Associates, 1972; Idaho Water Resource Board, 1972). Thus, 
if the economic development of the valley were to decrease by too much, 
once again residents could be forced to move out of the valley for 
economic reasons. 
Agriculture 
Algal blooms, if composed of blue-green algae, could result in 
toxic water supplies for livestock drawn from Bear Lake. In addition, 
the results of this research show that the location of livestock 
wintering areas at their present level may have no effect on the presence 
of algal blooms in Bear Lake. Thus, the suggestion of moving livestock 
wintering areas off the valley floor to areas further away from the 
lake may result in an unnecessary expense to cattlemen in the area. 
However, due to the large production of nutrients per livestock unit, 
or P factor values (Table 22), increases in the number of livestock 
wintered in the valley could present a problem of algal blooms for the 
entire lake. 
Other uses 
Other than toxin problems in agricultural waters as described 
above, because this research did not study relationships of Bear Lake 
to the water quality of the Bear River, no other effects of water 
quality changes can be predicted for downstream uses of the waters of 
Bear Lake at this time. 
CHAPTER V 
CONCLUSION 
Summary 
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The Bear Lake Valley and Bear Lake are natural phenomenas of 
unsurpassed beauty and recreational opportunity. Bear Lake has been 
developed into a reservoir which supplies water for irrigation and 
power generation for many users outside of the Bear Lake Valley. The 
reservoir adds greatly to the recreational and aesthetic value of 
the Bear Lake Valley. The economy of the valley has traditionally been 
based on agriculture. At present agriculture is still very important 
to the economy of the valley. However, the major industry expected 
to provide for future economic growth of the valley is recreational 
development. 
The present population of the Bear Lake Valley is approximately 
1,220 people. However, due to the size, location and recreational 
value of the Bear Lake Valley, the number of people in the valley at 
anyone time may soar as high as 20,000 people. These high numbers 
of people occur seasonally during the summer months and during the 
Cisco run in January. The largest number of people are present in 
the Valley on the summer holidays of the 4th and 24th of July and Labor 
Day. 
The land uses occurring within the Bear Lake Valley include 
recreation, agriculture, municipalities, scientific research, highway 
transportation, wildlife protection and watershed management. The 
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uses of the water of Bear Lake include recreation, irrigation, power 
generation, scientific research, drinking water and to maintain wetlands 
in Dingle Swamp. 
Land ownership is an important factor in how different areas of 
land are used in the valley. Fifty-five percent of the land is federally 
owned and is managed by the multiple use concept. Ten percent of the 
valley is owned by the States of Idaho and Utah. Multiple use manage-
ment is the way state lands are managed. Thirty-five percent of the 
land and 70 percent of Bear Lake's shoreline is privately owned. It 
is on private lands that the greatest assortment of land uses occur. 
Private lands are also subject to the greatest pressure for new develop-
ments. 
By the year 1980, 1,240 additional people are expected to reside 
in the Bear Lake Valley. The non-resident user rate is expected to 
increase to over 1,041,000 visitors annually. Summer home occupants 
are expected to increase by 2,664 people by 1980. The increases in 
people using the valley is expected to result in the development of 
one 914 acre public campground, 57 acres of small summer home develop-
ments, 35 acres of private resort and camping areas and a 1,000 acre 
summer home development on the east shore. In addition, Sweetwater, 
Inc. is expected to complete a 36 acre beach resort, 11 acre marina, 
3,000 acre dude ranch, an 18 hole golf course, 80 acres of condominiums 
and hundreds of summer homes. The total number of new summer homes 
in the valley by the year 1980 is expected to number between 800 and 
1,000 summer homes. New residents are expected to occupy 334 additional 
homes by 1980. To accommodate for these changes some minor roadway 
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changes will also occur. The changes in land use described above will 
account for 3,558 acres of new development and will replace 1,074 acres 
of publicly owned multiple use lands and 2,481 acres of privately 
owned agricultural land. 
It should be stressed that the above land use change projections 
for the year 1980 are minimum estimates. Therefore, the estimates 
included in this report should be considered to be the least amount 
of change that is likely to occur within the Bear Lake Valley by the 
year 1980. 
To predict the effects of the projected land use changes on the 
water quality of Bear Lake, a literature review was conducted to deter-
mine the kinds of effects the above land uses have on water quality 
and to locate models that could be used to predict the extent of the 
water quality changes. On the basis of the literature review, models 
were developed for the water quality parameters of sediments, nutrients, 
algal blooms, pathogenic organisms and dissolved oxygen. Three condi-
tions of the lake were considered. The first condition was for a 
totally mixed lake. The second condition was for a stratified lake 
with a totally mixed epilimnion. The third condition considered the 
possibility of wastes concentrating along the shoreline. 
Because there are no general models describing the relationships 
of sediments in lakes and because sediment relationships in Bear Lake 
have not been researched, it is impossible at this time to estimate 
the impact of sediments on the water quality of Bear Lake. 
The Universal Soil Loss Equation (1) was used to estimate changes 
in sediment yields due to land use changes. The Equation is as follows: 
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A = R (LS) K C P 
where 
A the soil lost as sediment in tons per acre 
R = the annual rainfall-erosivity index 
(LS) = the length and percent of slope factor 
K = the soil erosibi1ity factor 
C = the land use factor 
P the erosion control factor. 
However, primarily due to the wide range of K factors estimates, 
the results of the sediment portion of this research were inconclusive. 
Nutrient concentration changes in Bear Lake were estimateq using 
a mass balance approach. When existing nutrient concentrations in 
Bear Lake were compared to minimum nutrient requirements for algal 
blooms as reported by Ketchum (1954) only nitrogen and phosphorus were 
found to be limiting. Thus, only nitrogen and phosphorus were con-
sidered in this report. The basic equation (3) for the mass balance 
approach is the following: 
E(P U K) + (N i - N ) C = ____________ ~ __ ~o~+ C 
V e 
where 
C = the concentration of a nutrient in the lake for any given year X 
P = the average annual production by a land use in land use 
production units 
U = the net change in land use production units between year 
zero and year X 
K = the nutrient removal coefficient due to waste treatment and 
soil systems 
Ni = the nutrients added to the lake due to inflow 
N = the nutrients removed from the lake due to outflow 
o 
v = the volume of the lake 
C = the existing nutrient concentration of the lake for the 
e 
previous year. 
Nutrient additions were found to have no effect on"nutrient 
concentrations in the totally mixed lake. Nitrogen concentrations 
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are expected to increase in both the totally mixed epilimnion and when 
nutrients are concentrated along shoreline areas. Phosphorus concentra-
tions are expected to increase only when nutrients are concentrated 
next to the shoreline. In the condition of concentrated wastes along 
Bear Lake's shoreline increased nutrient concentrations are expected 
to greatly increase the possibility of the occurrence of algal blooms 
by the year 1980. 
Fecal coliform bacteria were used as an indicator organism to 
predict changes in the concentrations of pathogenic organisms. The 
following model (9) predicting concentration changes of fecal coliforms 
in lakes was developed from the literature: 
-kt 
C = (P U K) k e + C 
V e 
where 
C the concentration fecal coliforms in the lake for any given 
year X 
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P the average annual production of fecal coliforms by a land 
use in land use production units 
U = the net change in land use production units between year zero 
and year X 
K the fecal coliform removal coefficient due to waste treatment 
and soil systems 
t the time period in days 
k the rate of fecal coliform die-off 
e = the log base equal to 2.718 
v = the volume of the lake 
C = the existing fecal coliform concentration of the lake for the 
e 
previous year. 
Cold water temperatures cause fecal coliforms to die off extremely 
rapidly. The only period of time that water temperatures in Bear Lake 
are warm enough to allow less than extremely rapid die-off rates for 
fecal coliforms is during the period of lake stratification. Thus, 
only the totally mixed epilimnion and shoreline concentration of wastes 
conditions were considered for fecal coliform concentration calculations. 
Concentrations of fecal coliforms are expected to increase by the 
year 1980. 
Dissolved oxygen and biological oxygen demand relationships are 
illustrated by the following equation (10) from O'Connel and Thomas 
(1965): 
D = 
c 
where 
D = the oxygen deficit caused by changes in land use for any 
c 
year X 
T = the time period in days 
Kl = the rate of deoxygenation 
K2 the rate of reoxygenation 
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L = the ultimate biological oxygen demand due to land use changes 
between year zero and year X 
e = the log base equal to 2.718. 
To determine the dissolved oxygen concentration of the lake for any 
year the oxygen deficit is subtracted from the existing oxygen con-
centration for the year X-I. The respiration and oxygen production 
of algae also affect the dissolved oxygen concentration of lakes and 
reservoirs. Because no model describing the effects of increased con-
centrations of phosphorus and nitrogen on algal growth could be located 
in the literature, it was impossible to estimate changes in dissolved 
oxygen concentrations in areas of shoreline concentrations of wastes. 
Thus, only the conditions of a totally mixed lake and a totally mixed 
epilimnion were considered. No changes in the dissolved oxygen con-
centrations caused by changes in biological oxygen demand loading due 
to land use changes are expected to occur in Bear Lake by the year 
1980 for either the condition of a totally mixed lake or a totally 
mixed epilimnion for the conditions described in this report. 
The relationships between the land use production of litter and 
toxic chemicals and their effect on water quality are not thoroughly 
discussed in the literature. Thus, it was not possible at this time 
to determine the effects of chemicals and litter on the water quality 
of Bear Lake. An inventory of changes in the use of chemicals due to 
land use changes was attempted. The only chemical use that was 
recorded was the application of deicing materials on roads. No 
changes in the application of road deicing materials is expected by 
the year 1980. 
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Because of the many assumptions and generalized data used in 
making the above projections of water quality change, the above 
changes should not be looked upon as absolute predictions of what is 
to come. Instead these predictions should be looked upon as possible 
trends in water quality change. 
Problems of water quality changes affecting land uses are not 
new but are old problems and are occurring locally as well as nationally. 
In an attempt to help resolve the current political and legal confronta-
tions of land use and water quality the Federal Water Pollution Control 
Act was passed in 1967. Two of the important purposes of this act 
were to require the states to establish water standards and for the 
federal government to establish guidelines and standards for interstate 
waters. The federal standards and guidelines attempt to estimate at 
what point specific concentrations of pollutants threaten the economic 
utility of land uses by diminishing the safety, health or general 
quality of the land use due to damages to its water supply. On the 
basis of these standards, threatened decreases in the economic utility 
of land uses in the Bear Lake Valley caused by changes in land use 
can be predicted. 
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Idaho standards conform to federal standards. Utah standards 
conform to Idaho standards in every instance except for fecal coliform 
concentrations. However, Utah standards, by the Utah State Division 
of Health's own definition, for fecal co1iforms do not protect the 
waters of Bear Lake sufficiently to protect the use of Bear Lake's 
waters for drinking water or water contact recreation. 
The presence of algal blooms in Bear Lake directly threaten the 
economic utility of land uses in the valley dependent upon the 
aesthetic and recreational assets of Bear Lake. The presence of b1ue-
green algal blooms in Bear Lake would threaten livestock drinking 
water drawn from Bear Lake. Changes in water quality indirectly affect 
municipalities of the valley since any decrease in the economic utility 
of recreational use of the valley could negatively affect the economic 
growth of the valley. The economic utility of agriculture also can 
be indirectly affected by the relocation of livestock wintering areas. 
Conclusions 
1. The purpose of this research was to prove or disprove the 
hypothesis. The hypothesis is the following: 
Changes in land use development within the Bear Lake 
Valley may result in changes in the water quality of Bear 
Lake. The changes in water quality may in turn result in 
negative effects upon the land uses of the valley by gener-
ating problems of decreased economic utility of the land uses. 
This research states that increases in nutrient concentrations, patho-
genic organism concentrations and the presence of algal blooms are 
expected to occur in some parts of the lake and that these water 
quality changes can negatively affect the economic utility of land uses 
in the valley. Thus, the hypothesis is proven to be correct. 
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2. A basis or framework for part of a planning process is 
illustrated in this report. However, the process tends to decrease in 
accuracy as a review of existing models and an inventory of natural 
resource data for the Bear Lake Valley find the models and data to be 
insufficient for highly accurate results. Thus, more data and more 
researching of the models needs to be done to obtain results with a 
high degree of accuracy. However, this research does show probable 
trends of water quality and land use degradation, which should be 
beneficial in developing direction for planning in the Bear Lake Valley. 
It should be pointed out that where the results of this research are 
inconclusive threats to water quality and land use degradation could 
be very serious. Thus, inconclusive results should not be dismissed, 
but, rather, looked at very closely in subsequent research. 
3. Nutrient concentrations are expected to increase in shoreline 
areas and in the condition of a totally mixed epilimnion. On the basis 
of present land use projections land use changes are not expected to 
cause an increase in nutrient concentrations in a totally mixed Bear 
Lake by the year 1980. 
4. Land use changes, as projected in this report, are not ex-
pected to cause changes in the dissolved oxygen concentrations of Bear 
Lake by the year 1980 in either the condition of a totally mixed lake 
or a totally mixed epilimnion. 
5. Increase in the production of biodegradable organic material 
by land use changes projected in this report are not expected to affect 
dissolved oxygen concentrations in Bear Lake in either the case of the 
totally mixed lake or the totally mixed epilimnion by the year 1980. 
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6. Fecal coliform concentrations are expected to increase in the 
case of a totally mixed epilimnion and in the case where wastes are 
concentrated along the shore of Bear Lake. Land use changes projected 
in this report for the year 1980 are not expected to change the concen-
tration of fecal coliforms in the totally mixed lake. 
7. The above changes in water quality in Bear Lake are expected 
to threaten the economic utility of land uses in the Bear Lake Valley 
by diminishing the aesthetic and recreational quality of the waters of 
Bear Lake and by decreasing the cost of supplying drinking water to 
the Idaho State Parks. Also, agricultural uses both in the valley and 
downstream are endangered by the high probability of blue-green algae 
adding toxins to the waters of Bear Lake used for livestock watering. 
8. Nutrients produced by livestock wintering areas may not be as 
important in contributing to the occurrence of algal blooms as pre-
viously thought. 
9. Because of the large dilution capacity of Bear Lake the degree 
of land use change projected in this report is not expected to cause 
irreversible water quality changes in Bear Lake by the year 1980. 
10. Many data voids were found through the implementation of 
this research. Recommended research to fill these voids is listed in 
Appendix A of this report. 
Recommendations 
1. A regional commission should be established for the Bear Lake 
Valley, including representatives from both Idaho and Utah. It should 
be noted that regional commissions require an act of Congress to be 
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established as a regulatory agency. This involves a fairly complex 
and detailed procedure (California, Nevada, Federal Water Administra-
tion, 1969-1970; Hudson River Valley Commission, 1969). Thus, work should 
begin immediately to establish this commission. 
2. The first order of business of the above commission should be 
to establish uniform environmental guidelines and standards for the 
Bear Lake Valley. 
3. The commission should take the responsibility upon itself to 
enforce these standards. This could be accomplished by the establish-
ment of police powers and ordinances governing building and operation 
permits. 
4. A study should be conducted by the commission to investigate 
what type of sewerage system will most efficiently reduce nutrient and 
pathogenic organism pollution in Bear Lake and to establish performance 
and construction standards, concerning water quality protection, for 
development in the valley. The recommendations for implementing such 
studies and building the sewerage system included in the report pro-
duced by the Idaho Water Resources Board (1972) are recommended as a 
basis for implementation of the study. 
5. Recommendations of future areas of research are included in 
Appendix A of this report. 
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Appendix A 
Suggested Research 
A. Land Use Data 
1. A marketing study should be conducted to estimate the demand 
for recreational use and types of use for the Bear Lake Valley. 
A process similar to ' the one described by Brown and Beik (1969) 
could be used to conduct such a study. 
2. Update the recreational use demand data developed by Riley 
(1966). The same process could be used. 
3. Construct a land owner's willingness-to-sell model to predict 
what specific sites or parcels of land are most likely to 
develop. A process similar to the one described by Burby 
and Weiss (1970) could be used. 
B. Water Quality Data 
1. Sediments 
a. An averaging rainfall gauge should be installed in the 
Bear Lake Valley so that rainfall intensities can be 
measured. 
b. Soil erosibility factors should be measured using the 
procedure described by Wischmeier (1971). 
c. Studies to describe what sediments do once they enter the 
lake should be conducted. 
2. Nutrients 
a. Studies that describe the mass balance relationship of 
nutrients in Bear Lake should be conducted. 
b. Studies describing how Bear Lake mixes and stratifies 
should be conducted. 
c. Studies determining the effectiveness of soils in the 
Bear Lake Area in removing nutrients. 
3. Fecal coliforms 
a. Studies measuring the effectiveness of present sewage 
systems and soils in removing coliforms. 
b. Studies measuring the reactions of fecal coliforms after 
entering tributaries of Bear Lake. 
c. Studies measuring the reactions of fecal coliforms after 
entering Bear Lake. 
4. Dissolved oxygen and biological oxygen demand. 
a. Studies measuring the effectiveness of present sewage 
systems and soils in removing the biological oxygen 
demand materials. 
b. Studies should be conducted that describe the dissolved 
oxygen and biological oxygen demand interactions in Bear 
Lake, including the role of algae. 
S. Chemicals 
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a. Studies describing what happens to chemicals after they 
are released into the Bear Lake Valley should be conducted. 
6. Litter 
a. Studies to determine amount of litter generated by 
type of land use should be conducted. 
C. Economic Impact of Water Quality Changes on Land Uses 
1. Studies measuring the economic impact on land uses by the 
occurrence of algal blooms and increased health hazards should 
be conducted. Perhaps a process similar to that described 
by Wennergren et al. (1968) could be used. 
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